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SUMMARY 


The preprototype Water Quality Monitor (WQM) subsystem was devel- 
oped as part of the Regenerative Life Support Evaluation (RLSE) Program. 
This unit was designed based on the technology and use of components 
resulting from a breadboard monitor for pH, specific conductance, and 
total organic carbon (TOC)* The breadboard equipment demonstrated the 
feasibility of continuous on-line analysis of potable water for a space- 
craft. The preprototype WQM subsystem, designed by Orion Research, 

Inc., incorporated these breadboard features and, in addition, measures 
ammonia and includes a failure detection system. 

The WQM samples water continuously using a peristaltic pump to 
meter the sample, reagent, and standard solutions to the analytical 
system. These fluids are delivered to the sensing manifold where 
chemical operations and measurements are performed using flow through 
sensors for conductance, pH, TOC, and Fault monitoring flow 

detection is also accomplished in this manifold assembly* In the 
interest of rapid response, all components, assemblies and interfaces 
handling the fluids were designed to haye minimum hold-up volumes. 

The WQM is designed to operate automatically using a hardwired 
electronic controller. This controller provides the necessary elec- 
tronics to control and readout pH, TOC, specific conductance, and 
In addition, automatic shutdown is incorporated which is keyed to four 
flow sensors strategically located within the fluid system. Automatic 
calibration is accomplished every six hours and lasts 15 minutes. 
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PROGRAM ACCOMPLISHMENTS 


o Successfully integrated breadboard system and proven sensor com- 
ponents into a modularized structure representative of flight 
hardware, 

o Minimized reagent consumption, thus reducing system weight due to 
expendable requirements. 

o Incorporated reliability by minimizing the number of connections 
and tubes by using a manifold base plate assembly. 

o Incorporated a failure detection system utilizing ultrasensitive 
flow sensors- located at strategic points in the fluid system. 

o Identified an elastomeric peristaltic pump tubing material which 
resists chemical attack from the reagent solutions, resulting in 
demonstrated pump tubing life over 75 days. 

o Demonstrated a total of 30 days of successful in-house operation - 
design verification and baseline testing. 
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CHAPTER 1. INTRODUCTION 


This report describes the development of a Preliminary Prototype 
Water Quality Monitor by Orion Research, Inc^ under NASA Contract NAS 
14229* Initial work on this contract resulted in production of a breadboard 
monitor for pH, specific conductance, and total organic carbon (TOC) . 

This unit demonstrated the feasibility of continuous on-line analysis of 
potable water within the restrictive specifications of spacecraft use* 

Upon completion of the breadboard work, the contract was modified to 
include the development of a “Preliminary Prototype" instrument, one in 
which the design considerations for the fluid-handling and sensing 
systems were those of space hardware. The preprototype system also 
measures ammonia, and includes a failure detection system. 

Included in Appendix I are pertinent paragraphs from the original 
Statement of Work, as well as from the contract modifications and the 
preprototype Design Review. These provide background information 
pertaining to the scope and purpose of our work. A detailed account of 
the breadboard development is contained in the "Interim Report on the 
Breadboard Water Quality Monitor" which is available from Orion, and 
additional information is contained in copies of two ASMS publications 
in the Appendix. This report concentrates specifically on work con- 
nected with the "preprototype phase" of development and completes the 
documentation of this contract. 





PROGRAM OBJECTIVES 


The primary program objective was to develop an improved Water 
Quality Monitor Subsystem for assessing water purity on advanced space- 
craft where water stores are recycled. The preprototype Water Quality 
Monitor was to be designed with the* same basic operating principles that 
were successfully incorporated into the breadboard system, but with the 
following improvements : 

1. Integration of the system components into a modularized 
flight representative package* 

2. Minimization of reagent consumption* 

3* Improvement in reliability* 

4* Minimization of fluid connections and tubing. 

5* Improvement in sensor design* 

6. Incorporation of a failure detection system. 




WATER QUALITY MOHITOR CONCEPT 


The water quality monitor concept is depicted in block diagram form 
in Figure I.J. The water sample enters the system through a pressure 
regulator and a particulate filter. The sample is then split into two 
streams before entering the pump. One sample stream goes to a conduc- 
tivity cell where the specific conductance is measured. Then the acidi- 
fied monopersulfate solution is added, lowering the pH and providing an 
oxidizing agent. The other sample stream goes to the pH sensor where 
the pH is determined. The sodium hydroxide is then added and the stream 
is agitated in a mixer. This results in a basic sample stream, which is 
necessary for the determination of aaranonia in the ammonia sensor. The 
two streams, one basic and one acidic, then enter the stripper on oppo- 
site sides of a gas permeable membrane. The inorganic carbon in the 
acidic stream diffuses as carbon dioxide across the membrane where it is 
fixed as carbonate. In this way, inorganic carbon species in the sample 
is removed prior to determination of organic carbon. The acidified 
sample then goes to the UV digester where the action of the UV light and 
the oxidizing agent serve to oxidize all of the organics in the sample 
to carbon dioxide. The CO^ concentration is measured by a gas-sensing 
CO^ electrode. This measurement is proportional to the organic carbon 
concentration of the original sample. Periodically, standards A and B 
are introduced into the system in place of the water sample to permit 
automatic system calibration. Four flow sensors are located at stra- 
tegic places on the fluid lines to detect failures resulting from a 
fluid leak, an occluded channel, or a failed pump tubing. 



To Waste 







CHAPTER 2. WATER QUALITY MONITOR DESIGH SPECIFICATIONS 


2.1 Design Considerations 

2.1.1 Water Quality Monitor Specifications Goals - 

As a goal, the water quality monitor shall meet the following 
specifications when tested at the water conditions defined in section 

2 . 1 . 2 . 

2.1. 1.1 Range and Precision 

pH 

Conductivity 
Ammonia Content 
TOC Content 

2.-1. 1.2 Response Time 
pH 

Conductivity 
Ammonia Content 
TOC Content 

2. 1.1. 3 System Operation 

Capacity ; 30 days continuous automatic water quality 
monitoring . 

Calibration ; Automatic calibration of all four measurement 
parameters at set time intervals. Manual 
initiation of calibration when desired. 

Fail Safe ! Automatic safe shutdown in event of system 
failure. 


4 to 10 + .1 

,1 to 1000 lamho/cm + 5% or 
+ 1 ymho (whichever is greater) 
.1 to 50 ppm +2% or + .5 ppm 
(whichever is greater) 

1 to 100 ppm + 10 % or + 1 ppm 
(whichever is greater) 


2 minutes 
2 minutes 
2 minutes 
5 minutes 




2.1.1.3 System Operation (Continued) 

Read-Out: Direct-reading digital display, 0-5 volt d.c. 

signal output. 


2. 1.1. 4 System Design 

Minimum weight, power, and volume. 

ItLnimum consumption of expendables and water. 

2.1.2 Water Quality and Supply Characteristics 

2. 1.2.1 Sources 

Urine Water Recovery Subsystem 
CO^ Reduction Subsystem 

2. 1.2. 2 Flow Rate, CC/MIN (PPH) 

Nominal 15 cc/min (1.98 PPH) 

Maximum 23 cc/min (3.04 PPH) 

Minimum 0 

2. 1.2. 3 Water Supply Pressure 
Maximum 15 psig 
Minimum 10 .psig 

2. 1.2. 4 Temperature 
Nominal 32.2 (90°F) 

Maximum 35.0 (95°F) 

Minimum 29.4 (85°F) 

2. 1.2. 5 Fail Safe 

Automatic safe shutdown in event of system failure. 

2. 1.2. 6 Read-Out 

Direct-reading digital display, 0-5 volt d.c. signal output. 
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2. 1.2. 7 Instrumentation and Data Display 


1 . 


2 . 


3. 


4. 


5. 


Data Range 

pH 4 to 10 + .1 

.1 to 50 ppm +2% or 
+.5 ppm (whichever is 
greater) 

TOC 1 to 100 ppm +10% or 

+ Ippm (whichever is 
greater) 

Conductivity .I'to 1000 mho/cm+5% 
or +1 mho (whichever 
is greater) 

Fluid Reagent - 3.5 ml/hr 

Flow + .5 ml/hr 

Rates Sample & Reagent 

18.5 ml/hr +5 ml/hr 


Display 
Digital, LED 
Digital, LED 


Digital LED 


Digital, LED 


Edgewise Meter 
High-Low Indicator 
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CHAPTER 3. WATER QUALITY MONITOR SYSTEM DESCRIPTION 


Fluidic System 

The preprototype WQM consists of three packages. Two of these 
contain the operation and read-out electronics and the third is the 
fluid-handling package. 

The fluid system is the heart of the WQM and represents the bulk of 
the contractual effort. The design of the fluidic system represents a 
dramatic departure from that of current commercial instrumentation- The 
high degree of reliability demanded for spacecraft hardware necessitated 
the elimination of plastic tubing, threaded fittings, etc., so the WQM 
fluidic system is designed around a manifolding concept. The fluid 
system is best described as four principal assemblies. 

The first is the fluid input assembly . It acts as the interface 
between the WQM and the potable water supply. It consists of a pressure 
regulator for the sample and a valve manifold which interfaces 2 re- 
agents, 2 standardizing solutions and the sample to the pump. 

The peristaltic ptxmp is used to meter the sample, reagent and 
standard solutions to the analytical system. 

The sensing manifold is where the chemical operations and mea- 
surements occur. Flow- thru sensors for conductance, pH, TOC, and NH^, 
as well as for flow rate monitoring are located here. The components 
are designed in the form of individual blocks which are bolted and o- 
ring sealed to a master block which contains the appropriate geometry of 
conduits . 

The UV chamber is a separate fluid component, not integral with 
the sensing manifold because of its thermal characteristics. 

In general, all of the components, assemblies and interfaces which 
handle the fluids are designed to have a minimum hold-up volume in order 
to promote rapid responses to changes in sample composition at low flow 



rates. Fluid conduits are in the order of 0.75 Him I.D. wherever pos- 
sible, and in some instances such as in the CO^ stripper and sensor 
orifices are as small as 0.2 mm in width. 

Fluid Input Assembly 

The fluid handling system- is depicted in Figure 1.1. The WQM 
transports five fluids in its various modes of operation -sample, 2 
reagents, and two standardizing solutions. The sample enters the moni- 
tor at a specified pressure range of 10-15 psia. and passes first 
through a pressure regulator (Go, Inc., Photo 13.) where the sample 
pressure is reduced to 2 psia. The sample is drawn from the regulator 
and through a small in-line filter (Angar Scientific) by a peristaltic 
pump (Photo 6) and through a tubing manifold (Photos 5,7) where the 4 
other fluid lines are connected. These four lines are from the reagent 
and standard containers located below the base plate (Photo 4) . All 
five tubing lines are 0.75 mm I.D. 316L SS and are welded to the tubing 
manifold plate which is also 316L. 

The fluid lines pass straight through the tubing manifold into the 
polysulf one block of the valve manifold (Photo 5) . These blocks are 
bolted together and the fluid interfaces are sealed with Viton o-rings. 
The two reagent lines pass directly through the valve manifold into two 
channels of the four channel peristaltic pump. 

The sample enters the ‘^normally open” port of a three-way miniature 
solenoid valve* In the normal ”on— line” condition, the sample flows out 
the ”common” port of the valve to a ”tee” which is integral with the 
block and where it is split and drawn through the remaining two channels 
of the pump. The first standardizing solution ”STD A” is plumbed to the 
”normally open” port of a second valve, the ”conimon” port of which is 
connected to the ”nonnally closed" port of the first valve. The second 
standard solution ”STD B” runs to the "normally closed” port of the 
second valve. Thus when the valves are not energized, sample solution 
is pumped. When only the first valve is energized, STD A is pumped, and 
when both valves are energized STD B is pumped. 

The solenoid valves were constructed integrally with the polysul- 
fone blocks by Angar Scientific, Inc. The valve manifold is bolted to 



the pump frame and the four exiting fluid lines are interfaced with 
Viton o-ring seals. 


Peristaltic Pump 

The peristaltic pump (Photo 6) was designed with extra caution for 
this application. Only in this component does the transport of fluids 
through elastomeric tubing occur, and therefore it is the area of highest, 
risk in terms of leakage. Extensive testing of pump tubing was required 
in order to ensure reliability over thirty days of continuous pumping 
and these test results are contained in Chapter 5. We selected 1.5 mm 
I.D. silicone rubber for the sample channels and 0.75 mm I.D. Elkay 
(peroxide cured Viton) for the reagent channels. These tubes provide 
flow rates of 12 and 4 ml/hr respectively. 

The pump housing and frame are 316L SS and the rollers and pressure 
plates are Teflon coated SS. The four pump tubes are clamped to SS 
barbed fittings which are welded to the frame on both the input (valve 
manifold) and output sides of the pump. The tubes lie across spring 
loaded pressure plates, and the roller carriage-motor assembly is 
bolted down, pressing the tubes against the pressure plates to a spec- 
ified spring loading which provides sufficient pumping pressure without 
excessive tubing wear. The AC synchronous motor rotates the carriage 
and drives a planetary gear system which rotates each of the twelve 
rollers so as to eliminate abrasion of the tubing. The tubing, teflon- 
coated rollers and pressure plates are lubricated with silicone oil to 
further reduce friction. When the pump is not running, the pressure 
plate assembly can be disengaged with a knurled bolt located on the 
bottom of the pump, so that the tubing will not remain compressed. 

The entire pumping assembly is housed in a stainless steel shell 
which is sealed xd.th Viton o-rings. In the event of a pump tube rup- 
ture, no fluid will escape the pump and become a hazard to crew safety. 

Sensor Manifold 

All of the chemical operations of the WQM except the UV digestion 
occur in the sensing manifold, which is machined from polysulfone 




(Photos 9, 10, 11, 12). The individual components are bolted to the 
main block and all fluid interfaces are Viton o-ring sealed. The 
sensing manifold contains the following components: specific conduc- 

tance sensor, CO2 stripper assembly, TOC sensor, pH sensor, sensor, 
two thermal flow sensors, magnetic mixer and waste block. 

The general plumbing scheme (Figure 3.1) of the monitor is largely 
determined by the TOC .measurement requirements because this analysis 
requires the greatest number of operations to be performed on the sample 
solution. In the TOC determination the inorganic carbon - H2C0^, GO^, 
HCO^ and CO^ - must be removed from the sample so that it will not be 
measured as TOC. This requires the use of an acid reagent to free the 
inorganic carbon from the sample, and an alkaline reagent to absorb it. 
After removal of inorganic carbon, the oxidation of organic carbon is 
carried out, and then the TOC (CO^) measurement is taken. The measure- 
ment of specific conductance, pH, and NH^ is accomplished by the proper 
location of these sensors within the flow pattern dictated by the TOC 
measurement . 

The sensing manifold interfaces with the pump via a SS block which 
contains two thermal flow sensors (Photo 8) . The stainless steel block 
contains straight conduits (0.75 mm I.D.) for the four fluid lines 
exiting the pump, and each is Viton o-ring sealed to the pump at the 
input ends and to the sensing manifold at the output ends. Thermal flow 
sensors are potted into this block on the two reagent lines. 

Once split in the valve manifold, the two sample lines do not meet 
again until they enter the waste block. Thus, the analytical system of 
the WQM can be considered as two nearly independent and parallel systems, 
which we refer to as the "acid" and "base" sides. 

The TOC and specific conductance measurements are made on the acid 
side. This sample portion is pumped into the manifold and flows first 
to the conductivity block (Photo 15) . This sensor consists of two 6 mm 
lengths of thinwalled platinum tubing (0.75 mm I.D.) which are cast by a 
"lost-epoxy" technique into an acrylic block. The fluid flows in 
series through the platinum tubes which act as electrodes, and the 
acrylic block is bolted to the manifold. The sample describes a "II- 



like" path through the sensor and re-enters the manifold where it meets 
the acid-oxidant in a "tee". The combined streams then flow through the 
block to the CO^ stripper. 

The CO 2 stripper (Photos 19 and 20) consists of two 316L SS plates 
with mirror- image channels milled in their opposing surfaces. A CO 2 - 
permeable membrane is sandwiched between the plates resulting in two 
parallel fluid paths which are separated only by the membrane. The CO^ 
diffuses readily out of the acidified solution, crosses the membrane and 
is trapped by the other sample stream which has been basified and flows 
through the opposing channel. Volatile organics do not transfer because 
their activities are equal on each side of the membrane. Volatile 
organic acids such as formic and acetic do not transfer to a measurable 
extent because their vapor pressures are too low for significant dif- 
fusion to occur in the 30 sec. residence time in the stripper. 

The acidified sample stream exits the stripper and flows through a 
thermal flow sensor which is housed in a SS block and is bolted to the 
outside of the stripper (Photos 9 and 12) . The sample re-enters the 
polysulfone manifold and then exits to the UV chamber. The sample re- 
enters the manifold after irradiation and flows through the CO 2 (TOC) 
sensor (Photo 24) . The CO 2 sensor consists of a capillary pH electrode 
(Photo 17) which is in contact with an aqueous NaHCO^ electrolyte. The 
electrolyte and capillary are separated from the irradiated TOC sample 
by a silicone rubber membrane. Equilibration of the sample CO 2 with the 
NaHCO^ reservoir across the membrane results in an electrode output 
proportional to the log of the CO 2 concentration. The sensor is housed 
in an acrylic block and is bolted to the manifold. The sample follows a 
"U-like" path through the sensor and flows back into the manifold. It 
passes then to a SS waste block where it is combined with the other 
sample portion. The mixed effluent then flows to a waste accumulator. 

The pH and NH^ measurements are made on the "base" side of the 
unit. This sample stream enters the polysulfone block and immediately 
exits to the pH electrode (Photo 16) . This sensor also utilizes a 
capillary pH electrode and is geometrically identical to the CO 2 
sensor, however, in this case the electrode contacts the sample directly 
there is no intervening membrane. The sample negotiates a "U-like" path 



through this component also and is combined with the alkaline reagent 
upon re-entry to the manifold. The sample-reagent mixture next enters a 
mixing assembly (Photo 18) . The fluid is agitated by two miniature 
teflon-coated magnets which sit in the fluid conduit and vibrate in an 
alternating field. The mixer is necessary to insure complete conversion 
of to free dissolved NH^ prior to measurement. The mixed basic 

sample flows out of the mixer and straight through the manifold to the 
NHj sensor. The NH^ sensor is mechanically identical to the CO 2 sensor 
but uses an NH^Cl electrolyte and a microporous PTFE membrane. The 
chemistry of the measurement is exactly analogous to the CO^. 

The final utilization of the alkaline solution is as the CO 2 
stripping reagent. The solution exits the electrode and passes 
through the stripper. It then flows through a thermal flow sensor 

f 

before meeting the acid sample at the waste block. 

UV Chamber 


The UV irradiation chamber (Photos 21, 22 and 23) could not be 
designed integrally with the sensing manifold because of thermal and 
materials compatibility problem associated with it. The ultraviolet 
light source is a low-pressure mercury vapor arc in a quartz envelope 
which is sealed into an epoxy tube at the electrode end. (Ultra-violet 
Products, Inc. Model SC-1 Pen-Ray Lamp, Photo 21). 

The UV chamber consists of the lamp, a quartz coil for the sample 
mixture (Photo 22) and an aluminum reflector and is housed in a 316L SS 
block and potted in place with epoxy. The coil is fashioned from 1 mm 
I.D. 2 mm O.D. quartz tubing. It fits snugly around the lamp (6.25 mm 
dia. , .5 cm long) In 22 closest packed turns. The coil— lamp assembly is 
wrapped with aluminum foil and the foil is sealed with epoxy. The 
assembly is placed in the SS block where the ends of the quartz coil are 
captured in compression o-ring seals. This entire assembly is then 
potted in place with silicone rubber. The sample fluid contacts steel, 
Viton, epoxy and quartz during irradiation. The aluminum foil not only 
reflects stray UV light back into the sample, but protects the epoxy and 
silicone rubber from the radiation also. Should the lamp somehow break, 
the mercury (< 0.5 mg total) cannot escape the chamber. 

3y^ 



The lamp output is 4 watts, only 0.5 watts of which is 2537 ang-- 
Strom UV. A small portion of the heat which is generated is carried 
from the chamber by the sample fluid which reaches a temperature of 
nearly 60° C and flows through the chamber at 0.25 ml/min. The remaining 
heat is absorbed by the SS block which is sunk to the WQH frame. 


Electronics 


The WQli electronics is housed in two packages (Photo 1) . The main 
electronics package, which was built for the breadboard monitor, con- 
tains the basic operational mode controls and indicators and houses the 
pH, TOC and specific conductance meters. An auxiliary electronics unit 
was constructed in the preprototype development phase and contains the 
controls and displays for the NH^ measurement, the flow sensors and the 
automatic shut-dom sequence. The only circuits which are not located 
in one of these packages are the flow sensor amplifier boards and the 
electrode pre-amp boards. These are located in the fluid-handling 
package so that lead-length can be minimized as a guard against elec- 
trical interference. 


Breadboard Electronics 


The complete breadboard electronics package is described in the 
“Interim Report on the Breadboard Water Quality Monitor. “ The oper- 
ational logic of the main electronics unit has not been altered. Here 
we describe only the modifications to this package which occurred in the 
preprototype phase of development. 

Since the preprototype has a number of modifications in the area of 
XJV oxidation requirements, certain electrical changes were possible. 

The elimination of the cold UV chamber resulted in the need for only one 
UV transformer. In order to simplify the inclusion of the UV failure 
detection circuitry, the remaining transformer was transferred to the 
auxiliary electronics package. The electronics associated with temper- 
ature control of the sensors was also removed from the system. 

Most of the work required to adapt the old electronics to the 
monitor was in Interfacing the two packages. In the present system, 115 



VSMS comes into the original electronics box only. The + 24VDC and + 
15VDC power supplies are all located in this package as well. The AC 
and DC power are connected to the auxiliary package via separate shielded 
cables. All DC grounds are connected together only in the main package 
in order to prevent ground loops or noise problems. 

Auxiliary Electronics 

The Incorporation of the measurement, the flow rate monitoring 
and the auto shut dom into the preprototype WQM necessitated the con- 
struction of an auxiliary electronics package. The front panel contains 
a digital display for the NH^ measurement, four "edgewise" meters for 
the display of flow rates, an edgewise meter for display of the 
autocal potential and the necessary controls and indicator lights (Photo 
1 ). 


NH ^ Electronics 

The NH^ meter circuitry consists of an electrode pair, a high 

Impedance differential pre-amplifier (with a gain of 1) and a digital mv 

-1 

meter. In addition an anti- log (log ) circuit is employed so as to 
provide direct concentration readout. The high impedance differential 
pre-amplifier is located in the fluid section to keep the lead lengths 
short. The meter is a standard Orion 601 digital ionalyzer, specially 
modified for this application. All external connections excluding 
115VBMS power are made through the rear connector (PIO) and the required 
rewiring for this is done. 

Modificiations have also been made at the mode switch. ■ ^'rtien set at 

"mv", the differential voltage of the electrodes is directly read as in 

the unmodified meter. When set at NH_ (in unmodified meter "pH") the 

- 1 '^ 

electrode signal goes through a log circuit (Photo 29) which provides 
the meter with a reading of in mg/1, 

-X 

The log circuit has five parts, an offset adjust, a volts/ decade 
adjust, a log section, a divide-by-ten attenuator, and a recorder 
interface. The offset adjust provides a weighted sum of' input electrode 
voltage, calibration potentiometer voltage and autocal potentiometer 



voltage. The volts /decade adjust section includes the slope potentio- 
meter and provides a variable gain amplifier for the input to the log ^ 

-1 -’1 
section. The log section is an Analog Devices log circuit, AD755N. 

The resistor which determines the calibration value is in this section. 

The attenuator is a simple voltage divider which provides an output for 

the digital mv meter of l/lO of the output of the log ^ section. .The 

recorder interface is an amplifier with a gain of 10 which provides a 

recorder output of 5.0 VDC for a meter reading of 50.00 ppm. When the 

mode switch is in the ”mv’’ position, this amplifier provides a recorder 

output equal to 10 times the absolute mv reading. 

The original offset voltage control pot (”CALIB” on unmodified 
meter) is located on the rear panel. The calibrate potentiometer from 
the log ^ circuit is substituted for the original calibrate potentio- 
meter. The slope potentiometer is located where the original TEMP /SLOPE 
potentiometer (which also has been removed) used to be, and the ISO 
ADJUST potentiometer has been removed. 

The automatic calibration loop for NH^ (Photo 27) is exactly like 
those for the other measurements. It includes five units; the auto-cal 
board, a motor, a pot, the actual meter, and a restandardization meter. 
The auto cal board compares the output of the meter with a set calibration 
voltage. If the two are not equal, x^hen triggered, the auto cal board 
drives the motor causing it to turn the pot which changes the output of 
the mater. This happens until the meter output is equal to the cali- 
bration voltage. The restandardization meter reads the voltage of the 
wiper of the potentiometer, and displays the position of the wiper. 

The autocal board itself has five parts: a calibration voltage 

source, a comparator, a power amplifier, a switch, and a timer. The 
calibration voltage is taken from a voltage divider. The- comparator 
compares the meter output with the calibration voltage, and drives the 
power amplifier with its output. When the timer is triggered, it 
closes the switch for 15 seconds. When the switch is closed, the 
output of the power amp goes to the motor. 




Flow Sensor Circuitry 


Referring to Figure 3.2, the flow cell operates in the following 
manner. T1 measures the temperature of the fluid in the flow cell. The 
heater supplies heat to the flow cell around the region of T2. T2 is 
now used to maintain the power to the heater so that the flow cell 
around T2 is about 1® higher than that at Tl. 

. In operation, the fluid will flox^ by Tl and then by T2. As the 
fluid flows by T2 some of the heat is drawn away by the fluid. T2, 
sensing the temperature change, applies more power to the heater to 
maintain the constant AT at about 1“C. The increase in power is now 
measured as an indication of fluid flow. 

The flow cell and electronics interface in the following manner to 
provide measurement of flow. The reference voltage (''' + .IV) is applied 
to both the ramp generator and the temperature amplifier to give them an 
equal offset (see Figure 3.3). The temperature amplifier now senses and amplifies 
the reference voltage and Tl with a gain of —1. This output is inversely 
proportional to temperature and is used (as described later) to tem- 
perature compensate the flow cell. The output of the temperature 
amplifier and T2 are now summed and inverted in the AT amplifier. This 
signal is now applied to the non- inverting input of the comparator. It 
can be seen at this point that if Tl and T2 were equal, then the output 
of the AT amplifier would be equal to the reference voltage. The ramp 
generator produces a triangle wave signal symmetrical around the re- 
ference voltage. This signal is applied to the inverting input of the 
comparator. 

The comparator at this point has the triangle wave on the inverting 
input and a voltage equal to the reference voltage on the non-inverting 
input. This produces a square wave with a 50% duty cycle on the output 
of the comparator and into the driver. The heater nox^ turns on at half 
power and heats the area around T2. As T2 heats up, the AT amplifier 
will reduce the pox-rer to the heater to some value less than 50%. 

To calibrate the system for zero floX'r, the gain of the AT amplifier 
is adjusted so that when there is zero flow the output of the comparator 
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Figure 3.2 Flow Sensor 
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Flow Sensor Circuitry 










has a 50% duty cycle. Because this signal also goes into the integrator 
and the output amplifier it is easier to adjust the gain of the AT 
amplifier so that the output of the output amplifier is zero. (This is 
a result of the integration of the 50% duty cycle) . Because of the 
physical configuration of the flow cell and the heater this 50% power 
makes T2 about l^^C higher than Tl. 

When the flow is brought up to some finite value, heat is drawn 
away from the T2 area. This will cause more power to be applied to the 
heater to bring the difference between Tl and T2 back to 1"^C. The power 
is increased by increasing the duty cycle greater than 50%. This is 
seen by the Integrator and the output amplifier, and the output is 
increased in proportion to the power. 

The gain of the output amplifier is now adjusted to give the output 
needed for the maximum input flow. Note that, because the output was 
set to zero with flow, the full scale adjustment does not affect the 
zero adjustment. If the flow meter is to be used with a constant tem- 
perature fluid and/or environment it will work as described up to this 
point. But if fluid temperature and/or environment temperature change, 
the following procedure must be appended to the above. 

The output of the uncompensated flow meter will rise as the fluid 
temperature and/or environment rises. One will recall that the output 
of the temperature amplifier was inversely proportional to the temper- 
ature of the fluid. As fluid and/or environment temperature rises the 
temperature amplifier output will go down. If the proper resistor is 
selected for the temperature compensation network, the effect will be 
cancelled out in the integrator and the flow meter will be temperature 
compensated. 


Front Panel Operation and Fault Detection 


Most of the controls and Indicators on the auxiliary electronics 
package are part of the fault detection system. The NH^ meter has only 
three controls - mode switch, calibrate and slope knobs, and these are 
described in the previous section. 
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Each of the four flow meters gives the flow rate at a specified 
point within the system. Two nonvisible setpoints are associated with 
each meter for high and low flow alarms. When the flow rate exceeds 
these setpoints, a non-latching alarm light on either side of the 
respective flow meter XTill come on. These lights will remain on as long 
as the flow rate is beyond the set limits, as determined by the "time 
out" board (Photo 30). 

Below the four flow meters is a U.V. fail indicator. If the UV 
lamp fails this light will come on. The system has a built in fault 
indicator that will recognize a problem with either the UV lamp or any 
of the four flow channels. If a fault is detected the fault /reset lamp 
mil illuminate and one of the nine error indicators will remain on 
while the others will be forced off. This will indicate which fault 
caused the fault /reset condition to latch. After the error condition 
has been repaired the fault/reset can be reset by either pressing the 
fault/reset button or it will be reset automatically upon power-up of 
the system. The conditions for a fault indication are as follows: a UV 

failure at any time, will cause the UV failure lamp to light even if a 
fault indication has been recognized and latched in previously; and if a 
flow rate is outside the set points for more than a two minute variable, 
the fault circuit will be triggered. If two flow rates exceed their 
limits simultaneously within six and one fourth percent of the two 
minute interval, there is a possibility that two or more of the error 
indicators will stay on when the fault indicator latches. 

When a fault indicated, one may wish, to shut doim the pump and 
mixer in the fluids section. This is the function of the auto shut-down 
button. When the auto shut-down is activated, the light in the push- 
button will come on to indicate the active state. If the fault /reset 
now comes on while the auto shut-down is in the active state, the pump, 
UV and mixer in the fluids section will automatically shut off. 

There are two non-labelled functions associated with the front 
panel switches. The normal function of UV failure indicators is to 
indicate to the operator the status of the UV lamp in the fluids sec- 
tion. The indicator is also a momentary action switch and when de- 




pressed illuminates all of the panel lamps to check for burned out 
bulbs . 

An additional function is also associated with the four high 
indicators for the flow meters. These indicators are alternate action 
switches which when depressed disable the setpoint indicators and alarm 
functions for each respective channel. A disabled channel is indicated 
by simultaneous activation of high and low error indicators. A second 
depression of the high error Indicator will return the respective chan- 
nel to the normal mode of operation. 

General 


Familiarization with the- electronics section and operations manual 
of the "Interim Report", in combination with this material and the 
Instructions contained in Appendix IV should be adequate for an oper- 
ational understanding of the WQM electronics. All of the circuit boards 
are labeled adequately ^Tith test points such that an electronic engineer 
should be capable of troubleshooting the system with the aid of the 
circuit board photographs and the schematics contained in the WQM docu- 
mentation package. 




Photo 1. Electron ics Packages . The lower unit is the original breadboard electronics. 
The upper unit is • he auxiliary package which contains the NH^ readout and the fault 
detection circuit* . 



Photo 2. Fluid Package. The top half contains the pump, valves, sensors, etc., the 
lower half containii the reagent and standard containers, the filter and the pressure 
regulator. 
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Photo 3. Top-view FluidsPackage , From left to right are the valve manifold, peristaltic 
pump, sensor mani* »ld and IIV chamber. 



Photo 4. Reagents Section . This view shows power connections, input and waste manifolds 
as well as reagents and standards. 
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Photo 5. Valve Mai ifold . A stainless steel tubing manifold interfaces the sample, reagents 
and standards with the valve manifold (Angar Scientific), The valve manifold has two 3-way 
solenoid valves ani* a **tee** for splitting the sample. Reagents pass straight through to 


the pump. 



Photo 6. Peristalt Lc Pump . This view shows the pump with the rollers lifted to show the 
tubing. 
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Photo 7. Close-up of Inpu t Tubing Manifold . This view shows the o-ring grooves which are 
used for sealing interfaces throughout the system. 



Photo 8. Flow Sensor Blo ck. This block connects the four pump channels to the sensor 
manifold. This shot shows the reagent flow sensors in the assembly stages before potting. 
In the final version the block is teflon coated. 
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Photo 9. Sensor Ma nifold . In this top view the fluid would enter at the top of the photo. 
In the upper left Is the mixer, center left - C0» (TOC) sensor, right - stripper with flow 
sensor mounted at 'ower edge, and bottom - the UV chamber. 



Photo 10. Sensor M anifol d, 
the pH sensor to its right, 
assembly below that. 


The bottom view shows the conductivity cell (with red label), 
the NH^ sensor below the pH, and the waste block - flow sensor 





Photo il. Sensor old . Here the manifold is shown such that the "top** (Photo 9) is on 

the left. Fluid f‘»ow is from bottom to top in this shot. The steel case on the left houses 
the mixer, the acr\ lie assembly on the lower right is the pH sensor. 



Photo 12. Sensor M anifol d. The opposite side-view shows the UV lamp as it mounts in the 
chamber at the top. The stripper is seen on the right bolted directly to the polysulfone 
manifold . 
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I !»♦•» •» I K 1 njM il Pressure Rep, ulat:or . Sample 
»'lll Im» received from the water reclamation 
at 10-1!> psig. This valve (Go, Inc) 

I . dtires the preasure to less than 2 psig at 
vhii’h pressure It is aspirated by the peri- 
scal t ic pump. 
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Photo 14. Filter . This miniature in-line filter is a safeguard against aspiration of 
- particulate matter into WQM (Angar Scientific). 
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Photo 15. Conduct i vity C ell . The untreated sample flows through two 6 mm. lengths of 1 mm. 
“ I.D. platinum tubin)’ whic*h serve as electrodes. The fluid path and electrodes are potted 
in epoxy. 



Photo 16. £H Electrode . Red dye fills the sample channel while blue dye fills the reference 
electrolyte reservoir of this prototype WQM pH sensor. 
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Photo 17. pH Capi I I ary . This miniature glass electrode acts as sensing element in the 
“ pH, CO 2 , and NH^ eh'ctrodcs. 



Photo 18. Mixer Block . Two teflon-coated magnets can be discerned through the red dye. 
In operation, an AC field causes these bars to vibrate and mix the NaOH reagent with the 
sample prior to the NH^ measurement. 






Photos 19 and 20. CO ^ Stripper . In operation the two stripper plates clamp a piece of 
microporous teflon between them. The solution passing through the top side must pass 
through the lower block in transit to and from the manifold. 






- Photo 22. Quartz Coil . The lamp shown above fits Into this coil. The sample flows through 
the coil which is covered with reflective foil. 




Photo 23. IJV Chamber . The quartz coil is potted into this chamber and the Pen-Ray lamp 
is inserted from the right. The foil-wrapped coil can be perceived through the potting 
compound. 



Photo 24. CO ^ or Sensor . The CO and NH sensors are identical except for the type 
of membrane and reference solution. Red dye rills the sample channel and blue dye the 
reference chamber. The membrane and capillary are clamped between the acrylic blocks. 




Photo 25. Here the platinum tubes, thermistors and resistors of a flow sensor are shown 
mounted and ready lor potting into a block. 



Photo 26. This shot shows the conductivity circuit board. 
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Photo 27. NHj Aut( -Cal Board . The other 3 auto-cal boards are the same. The white button 
on the top right c.->n be used to manually activate the servos. This board is located in the 
breadboard electronics. 



Photo 28. Flow Sensor Board . Each of the 2 flow sensor boards control 2 sensors. R5 or 
R27, R6 or R28, are the pots for adjusting zero and span respectively for the corresponding 
sensors. 
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Photo 29. 


The NH^ 


measurement utilizes an anti- log board identical to the above. 



Photo 30. "Time-out” Board . This board senses deviations of the flow sensor output. If 
a sensor signal is outside the set-points for 2 minutes FAULT/RESET will be triggered. 
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Photos 30 and 31. These boards control the operational logic and mode 
controls on the WQM. 
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IMmUo 33. Rear view of 
eleetronicH showing* cable 
coimcc tioHH . 




Photo 34. 


Waste tubing manifold. 





II. Fluid Consumables 


a) Sample 

24 ml/hr x 22.5 hr/day x 30 day ^ 16,200 ml - 16.2 1 


b) Standard A 

24 ml/hr x .75 hr/day x 30 day - 540 ml 

c) Standard B 

1. 24 ml/hr x .75 hr/day x 30 day = 540 ml 

2. For Washout Mode 

24 ml/hr x .25 hr/day x 30 day - 180 ml 

d) Reagent A 

4 ml/hr x 24 hr/day x 30 day = 2.8 1 

e) Reagent B 

4 ml/hr x 24 hr/day x 30 day - 2.8 1 


III. Overall W.Q.M. Package Size 

The overall physical dimensions are 20.35” x 17.25” x 12. 75 

IV. Power Consumption 

The W.Q.M. will use a maximum of 5 amps at 110 volts A. C. 
MAINTENANCE SCHEDULE 

1. Pump Tubing The pump tubing should be replaced on a 30 day basis. 

2. Reagents and Standards - The reagent and standard fluid supplies 
should be refilled on a 30 day basis. 

3. Sensors - Each individual sensor (pH, Cond, TOC and NH^) should be 
replaced on a 6 month basis. Used sensors should be shipped back to 
Orion for reconditioning. New sensor blocks can be stored, dry, for an 



indefinite period of time. When a new sensor block is needed the in- 
ternal filling solution will be added to the sensor and the entire 
sensor block will be exchanged with the old sensor block. 

4. U.V. Lamp - The U.V. lamp in the U,V. Chamber should be replaced 
every 3 months to insure proper U.V. intensity. 

5. Pump Motor - The A.C. Synchronous motor should be replaced every 12 
months. This will guarantee desired motor characteristics. 

6. Stripper - The stripper membrane should be replaced every 3 months. 
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CHAPTER 4. WATER QUALITY MONITOR HARDWARE DEVELOPMENT 
(Breadboard to Preprototype Modifications) 


The "preprototype” WQM for the most part is an advanced version of 
the "breadboard" WQM, however, several design changes were implemented. 
Some of them arose directly as a result of breadboard experience and 
testing and others arose as specific ideas regarding the scope of the 
development work evolved or were modified. 


Alternative UV Source 


Low-pressure mercury vapor lamps are the least expensive and most 
widely available sources of "middle" wavelength ultraviolet radiation. 
Mercury is clearly specified (NASA Design and Procedural Standard No. 
116) as being an unacceptable material in spacecraft instrumentation, 
however, in developing the oxidation technique for the TOC determina- 
tion, mercury lamps were used because of their convenience. The use of 
mercury lamps in the breadboard WQM was approved by NASA with the under- 
standing that alternate UV sources would be evaluated in the preproto- 
type work. 

UV light reacts both with the TOC reagent and with many of the 
organic constituents of the sample in effecting their oxidations. The 
"peroxy" linkage in the monopersulfate ion, which is contained in the 
reagent, is cleaved by UV light to produce atomic oxygen radicals which 
are the principal oxidizing species. Some of the organic compounds 
react directly with the UV to form radicals and thus become more easily 
oxidized by the reagent. The overall rate of oxidation is dependent on 
both the intensity and wavelength of the light. Por example, the re- 
action of photons of 2537 angstroms x^rith peroxydisulf ate ion has a 
quantum efficiency of 60%. The quantum efficiency at 3200 angstroms is 
nearly zero and at 2000 angstroms nearly 100%. 

The problem of finding an alternate UV source for the WQM is that 
of finding one which emits a wavelength where the quantum efficiency of 
the reaction with the oxidant is high at an intensity sufficient to 
catalyze the oxidation in a short time. Another important consideration 





is the efficiency of the source. Power is at a premium aboard space- 
craft and an inefficient lamp also presents heat disposal problems in 
the WQM. 

UV lamps are available as either "line^^ or "continuum" sources* 
Continuum sources are unsuitable for the WQM because of low output 
efficiency compared to line sources. Other than mercury, only a handful 
of line sources are available in the proper spectral region* These are 
either rare gas - xenon and neon for example, or metal based such as 
2 inc or cadmium. Although estimations based on the output spectra of 
non-mercury sources indicated that there were no presently available 
lamps which met the TOC requirements, we nonetheless evaluated several 
in the laboratory (zenon, neon, argon, and krypton and zinc) and ob- 
tained virtually no oxidation of organic carbon with any of them. 

Mercury lamps were concluded to be better for this application than 
any other type presently on the market based on cost, power consumption, 
TOC efficiency and overall size. The preprototype WQM utilizes a low- 
pressure mercury vapor lamp (Photo 21) which is manufactured by Ultra- 
violet Products, Inc* (Model SC-1 Pen-Ray Lamp). Total lamp length is 
10 cm., 5 cm. of which is the exposed quartz tube 6 mm. in diameter* 

The other half is contained in an epoxy body which houses the electrodes 
and seals the power connections. The lamp is designed to be submersible 
and its small size makes it ideal for this application. It contains 
less than 0.5 mg total mercury. The UV chamber is designed to contain 
the mercury should the lamp be broken. 

Pump Tubing Evaluation 

Like the preprototype WQM, the breadboard utilized four channels of 
a peristaltic pump to meter the sample and reagents* All four pump 
tubes were of silicone rubber* in altering the nature of our work from 
the breadboard to preprototype stage, it was necessary to perform exten- 
sive tests on pump tubes* Silicone rubber is not entirely resistant to 
the oxidant and tends to cold flow in its presence* The fact that the 
pump tubing is the only elastomeric material which carries fluid in the 
WQM created the need for extensive evaluation of this "high-risk” leak- 
age area. 



The WQM is geared to a 30'~day continuous operating cycle • The goal 
of the pump tube testing was to select tubing materials which could 
maintain the desired flow rates for periods in excess of the 30-day 
minimum. Silicone rubber is the most widely used peristaltic pump tube 
material. The only other materials available for a low-“VOlume applica- 
tion are types of Viton. Silicone rubber and various Viton materials 
were compared while pumping concentrated reagents at accelerated pump 
rates# One type of Viton tube (Elkay Acid-Flex) was singled out in 
early testing as the best non-silicone rubber tube. It is peroxide 
cured to increase oxidation resistance and showed good flexibility for 
peristaltic pumping. In the final life-test, nine 0.75 mm I.D# Elkay 
tubes were compared to nine 1*0 mm I.D. silicone rubber tubes while 
pumping the oxidant at both nominal and accelerated rates. After 75 
days continuous pumping during which frequent flow data were gathered, 
only one of the 18 tubes, a silicone rubber piece, failed completely due 
to rupture. All 9 Viton and the eight remaining silicone tubes survived 
the testing. The silicone tubes, however, all showed gradually increas- 
ing flow rates, as if the effective I.D.^s of the tubes were increasing 
with use. These testing results are discussed further in Chapter 5. 

We concluded that the 0.75 mm I.D. Elkay tubes are suitable for use 
in the reagent channels, and that 1.5 tnm. silicone rubber tubes are 
acceptable In the sample lines. 

Reagent Evaluation 


In the Breadboard monitor, the TOC reagent was ammonium peroxy- 
disulfate. In testing the breadboard unit we observed a decrease in 
oxidation efficiency with acetic acid as the test compound when a batch 
of reagent was a few days to a week old. Acetic acid is one of the most 
difficult organic compounds to oxidize and is the only compound with 
which we have observed incomplete oxidation in the "old” reagent. The 
cause of the problem is believed to be the gradual decomposition of 
peroxydisulf ate (^ 2^0 ) to per oxymonoper sulfate (HSO^ ) . The monoper- 
sulfate is also a very powerful oxidant and is activated by UV through 
the same mechanism as the peroxydisulf ate. 

The monopersulfate is a very stable species and therefore we are 



using it as the preprototype oxidant. Its inefficiency in oxidizing 
acetic acid is a drawback, however its effectiveness for other compounds 
is good. We investigated another compound - potassium peroxydiphosphate 
(K P Ort) • We found that it was capable of oxidizing acetic acid but 
that it was not stable enough to utilize. 

Elimination of ^Cold'MJV Chamber 


In our early studies of the UV oxidation concept it became apparent 
that certain volatile organics could not be oxidized completely if the 
solution were allowed to be heated by the UV lamp. Oxygen is a by- 
product of the reaction and the bubbles which form provide spaces for 
compounds such as methane or ethane to be driven from solution where 
they fail to react. We found that by building a UV irradiation chamber 
which was air-cooled, compounds such as methane and ethane could be 
completely oxidized. 

The decision was made to forego Inclusion of a ^’cold" chamber in 
the preprototype WQM. The presence of volatiles such as methane in the 
potable water supply is not considered to be a problem by NASA. The 
simplification of the overall system and the reduction In space and 
power requirements as a result of elimination of the cold chamber was 
felt to outweigh its advantages. 

Chloride Interference 


Chloride ion is oxidized to chlorine by the oxidizing agent and 
chlorine is an interference to the CO 2 electrode. We investigated the 
addition of reducing reagents to the sample after irradiation but prior 
to the CO^ measurement. Ferrous ion or hypophosphite ion formula were 
found to be satisfactory in preventing the chloride interference. 

During this work, additional process information became available 
to the effect that the WQM sample would probably not contain greater 
than 12 mg/1 of chloride ion. X'/e tested solutions containing this 
amount of chloride and saw no TOC interference. Addition of a third 
reagent to the monitor then became unnecessary. 




pH Sensor Kofidication 


The Breadboard pH sensor consisted of a thin-walled pH glass cap- 
illary 1.0 ram in diameter and 1.5 cm long. The capillary was wound in 
silver wire which was bonded to the glass with molten silver chloride. 
This resulted in a solid-state device which was connected at each end 
with silicone rubber tubes bonded in place. The sample simply flowed 
through the capillary and then a sealed reference electrode. (See 
Figure 4.1)* This sensor did not give sensible pH readings in distilled 
or de- ionized water. The solid-state glass-silver-silver chloride 
junction was of excessive electrical resistance and other problems could 
have contributed to the noise and drift that was encountered. 

In the preprototype work, rather than attempt to diagnose and 
correct all of the problems associated with the solid-state design, a 
more conventional ”flow-by^* device was developed(see figure 4.2). This 1s 
constructed from the same capillary material as the old "flow- thru” type 
(Photo 17) but in this instance an aqueous solution and silver chloride 
reference element are sealed into the capillaayr. The outside surface is 
first glazed so as to render all but a narrow strip insensitive to pH, 
The sensor is lain in a sample conduit in such a way as to expose the 
narrow sensor area to the sample. The reference junction is located 
directly across the conduit from the glass electrode resulting in a low- 
resistance geometry (Photo 16) . This same capillary design is utilized 
for the internal sensing elements of the CO^ and sensors. Tests 
have shown very good response in both buffered solutions as well as 
distilled x^ater. Prolonged use has indicated some reference junction 
problems with this design (see Chapter 5 for details) . 

NH^ Measurement 

NASA indicated that NH^ may be one of the contaminants in reclaimed 
water. It was decided to Incorporate an NH^ measurement in the pre- 
prototype WQM because little additional work would be required to do so. 
The measurement of NH^ by gas-sensing electrode requires only that the 
sample be made sufficiently alkaline to convert any ammonium ion to 
dissolved ammonia. The necessary reagent \^as already present in the 
breadboard and thus it appeared necessary only to design the NH^ 






sensor into the flow scheme. Initial tests of the sensor on a 

bench- top mock-up of the WQM revealed that a considerable mixing time 
was required between the NaOH reagent addition and actual measurement. 

We therefore incorporated a magnetic mixing device at this point in the 
flow system. The NH^ sensor (Photo 24) is mechanically identical to the 
CO^ sensor. 


Failure Detection System 

The preprototype WQM design incorporates several checks on proper 
system operation which were not utilized In the breadboard monitor - 
thermal flow sensors and a UV lamp monitor. These failure detectors are 
capable of triggering an automatic shut-down in order to prevent the 
creation of a hazardous situation in the event of fluid leakage or lamp 
breakage. Thermal flow sensors were developed expressly for the WQM. 

The vast majority of potential failure modes can be indicated and di- 
agnosed by monitoring flow rates at strategic locations within the fluid 
s chemes . 

The flow sensors operate by measuring the rate at which heat is 
transferred from a warm body to the flowing liquid. The sensor consists 
of two thin-walled platinum tubas (0.75 mm I.D., 6 mm. long) which are 
cast by the "lost epoxy" technique into a stainless steel block (Photos 
8, 25). The fluid flows through the epoxy path and through each plat- 
inum tube in series. The first platinum tube has a thermistor in con- 
tact with it and is .used to indicate fluid temperature. The second tube 
has both a thermistor and a small resistor in contact with it (Figure 3.2). 


The flow-related parameter is the quantity of power required by the 
resistor to maintain a constant AT (AR) between the two thermistors. In 
the absence of flow a quantity of power required equal to the amount of 
heat lost by conduction through the epoxy to the outside, is required to 
maintain AT. As flow begins and increases, a greater quantity of power 
is necessary to maintain AT. 


The curve in Figure 4.3 demonstrates the variation of flow sensor 
output with flow. The curve starts out concave upward, goes through an 
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Figure 4,3 Flow Sensor Response 
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inflection at 0*2 ml/min and then tapers off as flow increases. (The 
curve has the same form as a ”wind-~chill factor" curve.) The cell calls 
for more power slowly at low flows, because the platinum tube is insu- 
lated by a "diffusion layer" in the liquid which limits heat flow. The 
diffusion layer becomes thinner as flow increases, and thus the loss of 
heat becomes more rapid. At the point of inflection, the diffusion 
layer has essentially disappeared and heat loss becomes limited by 
conduction through the platinum. The point of inflection is the point 
of maximum sensitivity of the sensor. This point can be optimized to 
monitor flow in various ranges by varying AT or the diameter of the flow 
path. Variation in output due to changes in ambient fluid temperature 
are compensated electronically. 

Four thermal flow sensors are used in the WQM. Both reagent lines 
are monitored as they exit the peristaltic pump. Two other flow sensors 
monitor the two sample lines downstream of the stripper after they have 
been combined with reagent. These measurements are taken near the waste 
outlet of the monitor so as to detect any leaks or clogs upstream where 
most of the fluid components are located. In this manner the sensors 
are able to detect fluidic malfunctions in the greatest number of areas 
and many problems will be detected by two sensors simultaneously, pro- 
viding a self-checking mechanism. 

In addition to monitoring the fluid flow rates, the input to the UV 
lamp is also monitored in the WQM. The current to the lamp is contin- 
uously measured and deviations from the proper rating trigger the auto 
shut-down. 


Elimination of Temperature Control 

The individual sensor modules in the breadboard fluids package were 
thermos tated to insure maximum precision. The sample water -supply 
specifications were altered from* a 10-50®C range to a 29-35 range 
during the interim and therefore a thermal control system for the 
sensors was not considered necessary in the preprototype system. 




CHAPTER 5 . EVALUATION AND TESTING 


In this chapter, data are presented from experiments performed 
during the preliminary design stages as well as from final testing of 
the completed WQM. While designing the preprototype unit, critical 
materials and components such as pump tubing and o-rings were subjected 
to extensive life tests under "worst^case” conditions • These tests are 
described below* In the section which follows, the results of testing 
the assembled unit and in carrying out the Master Test Plan are presented. 

Initial Component Evaluation 

Both reagents used in the WQM are very caustic - one contains 5% 
sulfuric acid and oxidant, the other is 6% sodium hydroxide* The ma- 
terials which contact these fluids in the WQM were tested by exposure to 
these solutions before their use in the instrument could be accepted. 
Table 5.1 lists materials which were considered for the WQM and briefly 
describes the nature and results of the tests* Figure 5.1 is an example 
of data we obtained while testing pump tubes (see also Chapter 2) * The 
increasing rates shown in the silicone rubber tubes are typical of the 
test results. 



TABLE 5.1 


Materials Tested for Intended Use on NASA WQM 


Material 

Proposed Function 
in WQM 

Testing Conditions 

Results of Testing 

Silicone 

Rubber 

Sample Pumping 
Chann e Is-mat e r 1 al 
of choice 

35-day continuous pumping 
of Std A using an ORION 
375-A peristaltic pump 

-flow rates unchanged 
throughout test 
-no visible tubing wear 
or degradation 


Reagent Pumping 
Channels-ruled out 

35-day continuous pumping 
of acidified monopersulfate 
using an ORION 375-A 
peristaltic pump 

-after 21 days flow rates 
steadily increase 
-tubing cold flows , fusing 
together when pinched 
-tubing ruptures in some 
cases after extended use 

.Viton 

Reagent Pumping 
Channels-material 
of choice is Elkay 
"Acid Flex" 

35-day continuous pumping 
of acidified monopersulfate 
using an ORION 375-A 
peristaltic pump 

-flow rates unchanged 
throughout the test 
-no visible tubing wear 
or degradation 

Viton 

Preprototype UV 
Chamber o-rlngs 
ruled out 

40-day continuous pumping 
or irradiated persulfate 
through mock-up chambers 
designed specifically for 
this experiment 
after 40-days the chamber 
was pressurized to 30 psi 
for half an hour 

50% of the o-rlngs tested 
leaked after pressurizing 

Kalrez 

Preprototype UV 
Chamber o- rings 
material of choice* 

same as that for Viton 
o-rings 

all o-rlng seals remained 

316L 

Stainless 

Steel 

Stripper, Sample 
Intake Manifold, 
Waste Lines 

in separate experiments , 
hydroxide and irradiated 
persulfate reagents were 
pumped through 6" lengths 
of 1/4" tubing 

no visible degradation 
after 30-days of continuous 
pumping of reagents 



TABLE' 5.]. ' 


Material 


Goretex- 

porous 


Celguard 

poly- 

propylene 

Titanium 


Materials Tested for Intended Use on NASA WQM (continued) 


Proposed Function 

in WQM Testing Conditions Results of Testing 


Stripper and continuous bench-top 

sensor membranes operation in both of these 

material of choice components for over six 

weeks 


-maintainence of inorganic CO^ 
removal efficiency In stripper 
-no change in ability of calibrated 
sensor to detect known levels of NH 


Stripper and NH^ 
sensor membranes 
ruled out 


continuous bench-top 
operation in stripper for 
over six weeks 


-shows tendency to be wetted by 
base and some organics 
-tears easily; readily damaged by 
sudden changes in line pressure 


Preprototype UV continuous bench-top 

Chamber (outer shell operation for over six 
containing fluid weeks 

path) - material of 
choice* 


-shows no interference with TOC 
measurement 

-surface forms protective oxide 
coating that prevents further 
oxidative degradation by reagent 
or UV light 


^successful in "preprototype" components; ultimately not used because of design changes. 



Pressure Regulator 


Testing was performed on the inlet pressure regulating valve. Go 
Inc* , prototype Model #4878, to verify its ability to drop an incoming 
pressure of 10-15 psig down to 1-2 psig. 

Initially the valve was tested separately and on the bench top. 

The valve was subjected to a variety of incoming pressures, and was able 
to drop them dom to the desired 1-2 psig range. This test was done 
very quickly and was only to indicate improper regulation. It was felt 
that in-depth testing should be done, when the valve was mounted into 
the WQM unit. 

Once the WQM and all fluidic components functioned as designed, the 
Pressure Regulating Valve was installed. Using city water as a source, 
a garden hose was run from a faucet to the WQM. Before entering the 
system a reducer was made and installed on the hose end dropping the 
opening to accomodate Lee Tubing Fitting (1/4 - 28 UNF) with .031 inch 
I.D. teflon tubing (See Fig.5^1). 

A mercury monometer was installed into the system downstream of the 
pressure regulator. A 0-20 psig pressure gauge was placed prior to the 
regulator. City water was turned on and a pressure of 15 psig was read 
on the gauge. The pressure regulator was in the off position. The 
monometer was relieved of any vacuum problem and stabilized at the 0 
inch position. The valve was then opened one revolution at a time and 
the change in mercury height was closely watched. At exactly six rev- 
olutions conterclockwise, the mercury height changed by 4.5 inches. 

This shows a pressure output of 2.2 psi. The test was run for one hour, 
whereby the output pressure remained constant. 

Master Test Plan Solutions 


Twenty solutions were selected for testing the Water Quality Mon- 
itor. They were designed to cover the specified operating ranges of the 
four parameters. Expected TOC and contents were calculated and pH 
and conductivity values were estimated. Rssults sre listed in Table 5.2. 
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Figure 5.1 

Pressure Regulator Test Set Up 



Table 5.2 Master Test Plan Solution Results 


Solution 


pH 

Cond 

mho/ cm) 

TOC (ppm 


Ammonia (p] 

pm) ! 

Number 

Solution Composition 

1 

exp 

. 2 
obs 

JSC^ 

1 

exp 

obs^ 

JSC^ 

1 

exp 

obs^ 

JSC^ 

1 

exp 

pb^ 

3i 

JSC j 

#1 

-3 

10 M Acetic acid 


3.42 

’ 


91 



25 



0.3 


— 3 

10 M Sodium acetate 

4.76 

3.42 

6.8 

89 

91 

155 

48 

30 

33 

0 

0.3 

0 1 


2 X 10"^M phenol 
0 


8.71 



92 



66 



0.3 

i 

n 

10 M Sodium hydroxide 

9.99 

9.19 

8.0 

83 

89 

164 

144 

77 

151 

0 

0.3 


n 

“3 

10 M benzoic acid 
-3 

10 M sodium benzoate 

4.21 

2.91 

3,02 

4.4 

83 

101 

98 

168 

168 

160 

172 

181 

0 

0.3 

0.3 

0 j 

0 j 


-3 

10 M formic 4 cid 


2.97 



133 



24 



0.3 

1 

//4 

10 sodium formate 

3.75 

3.10 

4.5 

106 

128 

199 

24 

29 

21 

0 

0.3 

„ 0 i 

#5 

2 X 2 lO“^M p-cresol 


8.52 



98 



90 



0.3 

1 

' 

10 M sodium hydroxide 

10.26 

9.19 

8.0 

83’ 

103 

1^7 

168 

76 

R3 

0 

P,A. 

,0 


5 X 10 ethyl alcohol 


5.24 



256 



12 



36 


#6 

10 M ammonium sulfate 

5.5 

5.16 

6.6 

307 

258 

426 

12 

15 

6 

34 

39 

37.2 


10 acetone 

—4 


6.12 



146 



4 



15 


in 

5 X 10 M Ammonium sulfate 

5.5 

•5.80 

6.7 

154 

146 

241 

4 

6 

2 

17 

16 

19.8 


2 X 10 dioxane 


4.12 



435 



82 



46 


#8 

_3 

1,5 X 10 ammonium sulfate 

5.5 

4.32 

6.3 

461 

444 

556 

96 

86 

113 

51 

49 

59.1 


5 X 10“^M menthol 

_3 


4.83 

! 


133 



9 



0.3 


in 

10 M potassium nitrate 

6.0 

5.06 

6,9 

142 

135' 

241 

54 

10 

58 

0 

0.3 

0 


10 benzene 


6,84 



268 






0.3 



_3 ^ \ 





! 

5 




#10 

2 X 10 M potassium nitrate 

6.0 

5.89 

6.7 

283 

258 

421 

! 7 

6 

0 

0 

0.3 

0 


10 M dichloro methane 


6.86 



640 


i 

1 




0.3 



_3 





1 

3 




#11 

5 X 10 M potassium nitrate 

6.0 

5.62 

6.5 

692 

640 

841 


3 

0 

0 

0.3 

0 




Table 5.2 (continued) Master Test Plan Solution Results 


Solution 


pH 

cond 

(m vcho/ cm) 

TOC '(ppm) 

1 Ammonia (ppm) | 

Number 

Solution Composition ’ 



1 

exp 

obs^ 

3 

JSC 

1 

exp 

obs^ 

3 

JSC 

1 

exp 

obs^ 

3 

JSC 

1 

exp _ _ 

obs^ 

3S 
JSC 1 


10 M propanol 
-2 

10 M potassium nitrate 

6.0 

5.30 

5.20 

6.6 

1328 

1357 

1294 

1371 

36 

36 

32 

36 

0 

0.3 

0.3 

0 


10 M sodium bicarbonate 


8.15 



1008 



3 



0.3 


#13 

2.5 X 10 sulfuric acid 

6.4 

8.30 

8.7 

1081 

968, 

1201 

0 

3 

1 

0 

0.3 

0 


5 X 10 M sodium bicarbonat€ 


10.19 



over 



3 



0.3 


#14 

5 X 10 M sodium carbonate 

10.3 

10.20 

9.7 

— 

range 

2314 

0 

3 

0 

0 

0.3 

0 

■#15 

-4 


’7.15 

' 


4.6 



5 



0.3 


2 X 10 M dimethyl disulfide 

6.0 

6.24 

7.7 

0 

5.9 

31 

5 

4 

3 

0 

0.3 

0 


10 M formaldehyde 


4.43 



11.5 



14 



0.4 


#16 

5 X 10 ammonium sulfate 

6.0 

4.60 

— 

2 

10.8 


12 

14 

— 

0.2 

0.4 

~ 1 


5 X 10 urea 


5.92 

m 


133 





■■ 

23.5 


#17 

5 X 10 M ammonium sulfate 

6.0 

5.91 

Bs 

16 

133 

149 

6 

B 

5 

B 

22,0 

10.4 


10"'^M OMCTS"* 
*“4 


M 

■ 


13!l 



3 



18.2 


#18 

5 X 10 M ammonium sulfate 

5.5 

Ha 

mB 


136 

218 


4 

1 

17 


19.9 


10 methyl alcohol 

—3 ♦ 


4.68 



271 

m 

im 

4 



33.1 


#19 

10 M ammonium sulfate 

5.5 

5.24 



262 

Bl 

B 

4 

1 

34 

33.0 

38.9 


4 X 10 ' acetic acid 

—3 


3.85 



325 



127 



m 


#20 

4 X 10 M sodium acetate 

4.76 

3.78 

5.0 

352 

325 ' 

505 

192 

138 

200 

0 

B 

-0--I 














bh 

i 





1 

1 

■ 

1 

1 

■ 

nil 


■ 


1. Calculated or estimated from solution composition 

2. Observed results at Orion Research 

3. Analyses by standard methods at NASA/ JSC 

4. Octamethylcyclotetrasiloxane 

































Unfortunately, these solutions were formulated several months 
before they were run and as a result some of them may have degraded. 
The corroborative analyses by NASA on the same solutions were run at 
a later date. This may account for differences in pH and conductivity. 

The solutions were run over a period of approximately one month. 
Both automatic and manual calibrations were carried out at convenient 
intervals . 


Comments on Test Plan Solution Results 


1. The incomplete conversion of acetic acid is characteristic of the 
monopersulfate oxidant. The low pH value seems’ characteristic of the 
low conductivity samples and is discussed further below. 

2. Low conversion of phenol was first observed in these tests and 
appears to be characteristic of the monopersulfate also. 

5. p-Cresol, also a phenol, shows low conversion. 

9. Low conversion of menthol may be an artifact. The solution was old 
and possibly decomposed. This should be checked in additional testing. 

13, Loss of CO^ probably accotmts for the high pH. 

18. OMCTS is not soluble to 10 ppm. 

General 


The data indicate two specific areas where the WQM is deficient in 
performance. The first is the low pH values in low conductivity solu- 
tions. We believe that this is a reference electrode problem, namely a 
liquid "junction potential" which varies with the ionic strength of the 
sample solution. A close inspection of the data seems to reveal a trend 
in which the pH artifact is greatest in the least conductive solutions. 
This problem could be eliminated in several ways, but each would involve 
the use of an additional component or expendable. As an example, the 



reference chamber could be pressurized such that a constant outward flow 
of electrolyte into the sample could be maintained at the liquid junc- 
tion* Or, an electrolyte solution could be introduced into the sample 
upstream of the pH cell. It may be possible to design one of the above 
systems to have very little impact in terms of additional reagent con-* 
sumption since the liquid junction could be designed to require extremely 
low flows- 

The other deficiency Indicated in the test results is the incom- 
plete conversion of some of the organics in the TOC measurement* We 
believe some of the low numbers (e.g. OMCTS) to be correct and 
the corroborative analysis at NASA confirms this, however, the low con- 
version of phenol, p-cresol and acetic acid are best considered limita- 
tions of the system. We do not presently know whether an alternate 
reagent system or improved irradiation configuration would produce 
better conversion. We know that peroxy disulfate converts phenol and 
acetic acid but that in aqueous solution it tends to revert to the 
monopersulfate form in a period of days or a week or two. Perhaps mixed 
oxidants or some type of stabilized peroxy disulfate could be developed 
in time. 

In addition to these two major areas for improvement, there are 
modifications in the design of the WQM which we would implement if we 
were redesigning the unit. One unanticipated problem we found in the 
early testing stages was the back flow of reagents into the pH and 
conductivity sensors. We solved the problem by installing stainless 
steel holding loops between the sensors and the fluid junction points. 

In hindsight, it is apparent that location of these two sensors upstream 
of the peristaltic pump, on the valve manifold assembly, would have 
prevented the problem. 

There are aspects of the pH, NH^ and CO^ sensors mechanical design 
which have room for improvement. The design of these sensors arose 
out of previous work in biomedical instrumentation* 

This design is very expensive and requires a great deal of assembly 
technique. We believe that sensor performances could be improved with 
another iteration of their designs* Specifically, it may be possible to 

S^9 



improve the response times of the pH and CO2 electrodes- There is an 
area of the fluid conduit in the pH sensor which allows fluid to col- 
lect. The CO2 electrode uses silicone rubber potting compound and since 
CO2 is very soluble in silicone rubber, there is an effective ”C02 
sink*^^* in the electrode^ resulting in a slow response. 



CHAPTER 6 . CONCLUSION AND RECOMMENDATIONS 


Our work on the WQM dealt specifically with the fluid transport and 
chemical sensing aspects of monitoring • The manifolding concept and the 
exclusive use of o-riug seals produced a miniature analytical system 
which we feel to he reliable enough for unattended spacecraft use* 

However, there are other problems in space-hardening a system such as 
this which we did not address. The principal area to be explored in 
future efforts is that of reagent handling. The use of bulky containers 
of caustic fluids in the zero-G situation presents potential hazards to 
personnel. The use of pressurized containers and subsequent elimination 
of a metering pump is an approach that has certain attractions. Entirely 
different concepts such as passive reagent addition by diffusion or in- 
si tu generation of reagents by electrolysis are perhaps the waves of the 
future in this form of analysis. Optimization of such techniques is 
probably several years down the road, and even so they are not necessarily 
applicable to all analytical problems. 

The electronics of the WQM was not engineered for space. Although 
the technology exists for drastic miniaturization of the electronics 
used in the WQM, the design of such a package is an expensive and time 
consuming process. 

In conclusion, we feel that we have advanced the technology for in- 
space water quality monitoring but that there are areas which still 
require concerted effort before an instrument of this type will be 
suitable for its long-range intended use. 


0 / 



APPENDIX I 


Selected Paragraphs from Statement 
of Work from Original Contract 

Exhibit ”A” 


1.0 Purpose 

1.1 Ob.i ective 


The objective of this Statement of Work (SOW) is to describe the 
effort required to design, fabricate, and test a miniaturized breadboard 
and preliminary prototype water quality monitor unit for continuous, in- 
process monitoring of total organic carbon, pH, specific conductivity, 
and ammonia in advanced spacecraft water reclamation systems. 

1.2 End Products 


The end products of this contractual effort will be a breadboard 
water quality monitor CWQM) system, an interim report, a preliminary 
prototype WQM system, and a final report. The WQM is defined to be an 
integrated unit composed of a total organic carbon analyzer (TOGA) , pH 
sensor, specific conductivity (SC) sensor, and supported by ancillary 
equipment. The unit shall feature low power, volume, and weight. The 
interim report shall describe the results of the breadboard system and 
include the preliminary design of a preliminary prototype water quality 
monitoring unit. The contractor shall provide recommendations for 
additional areas, of investigation based on results with the breadboard 
system. The final report shall describe the results of the preliminary 
prototype system. 


1.3 Background 


Long duration manned space flight, involving water reclamation 
systems, requires reliable, fast on-line water quality monitoring to 
insure the health of crew and passengers. General assessment of potable 





water quality can be realized by monitoring organic carbon content » 
specific conductivity, and pH- Measurements of chemical purity have 
been demonstrated in near real time by laboratory instruments under MSA 
Contract MAS 1-10382- Further development of these concepts is now 
required to improve water monitoring capabilities and to achieve an 
integrated design of reduced pox*?er, volume and weight- It is the intent 
of this SOW to continue this effort and develop an integrated breadboard 
and preliminary prototype Water Quality Monitor (WQM) Units incorporating 
miniaturized pH and specific conductivity (SC) sensors and a miniaturized 
total organic carbon analyzer (TOGA). 

3 . 2 Task Description 

3-2-1 Concept Study and Ultraviolet (UV) Method Design Support 
Testing (DST) 


This study shall investigate recent, state-of-the-art, miniaturized 
pH sensors, specific conductivity sensors, ultraviolet radiation methods 
for conversion of organic contaminants in water to and methods to 

quantitatively measure the resulting CO 2 in amounts’ equivalent to a 
x^ater content of 1 to 200 ppm total organic carbon- 

In any concept, the use of expendables such as carrier gas, sor- 
bents, reagents, etc-, shall be greatly minimized- Results of the study 
shall present the sensors and TOGA concepts considered, recommendations 
of a specific off-the-shelf concept and sensor for each application 
along with basis for selection, an outline of what must be done to 
miniaturize and/or modify such including associated electronics, and 
present a preliminary design concept defining the breadboard system to 
be delivered. Sensor characteristics such as lifetime, method and ease 
of calibration, response time to changes in the parameter being mea- 
sured, drift, accuracy, and precision shall also be considered and 
discussed- Electrodes employing mercury or mercury salts shall not be 
considered- Any sensor or concept proposed shall not employ materials 
which xi^ouid impart impurities into the water x^hich may be injurious to 
the crex^^s health. In addition, potential problem areas shall be iden- 
tified and discussed- Parameters affecting lifetimes shall also be 



addressed. A report describing results of this task including DST shall 
be delivered to JSC for NASA approval. The contractor shall attend a 
review at JSC for approval of recommendations before proceeding with 
development of the WQM. 

Design Support Testing (DST) shall be conducted on the recommended 
candidate being considered for the TOGA using methane saturated water 
and water containing 300 ppm acetone, 500 ppm chloroacetone, 200 ppm 
diethyl sulfide, and a combination of the four. Inorganic carbon 
content of the water shall not interfere with analysis results* DST 
shall obtain sufficient information for sizing and preliminary design of 
a TOCA/CO 2 sensor which shall be capable of quantifying 1 to 200 ppm 
organic carbon in water at the flow, pressure and water quality con-- 
ditions specified in Section: Water Quality and Supply Characteristics. 
Low power and volume shall be important design factors , in that order , 
for any TOGA concept. The study shall also address and recommend a 
simple, in-flight, automated WQM calibration scheme. Early study and 
selection of the specific conductivity sensor may be required to pro- 
gress smoothly into Task 3.2.2. 

3.2.2 Specific Conductivity Sensor Modification and Test 

Drawing modifications to the specific conductivity sensor selected 
from Task 3.2.1 shall be conducted, followed by modification and testing. 
Modifications shall be conducted, focus on miniaturization and integra- 
tion into the common water quality sensing unit ^^th the objectives of 
volume, weight and power reduction. The modified sensor shall have a 
minimum water hold-up volume, fast response to concentration changes , 
features compatible with a zero-g environment, no electrical interfer- 
ence characteristics, and perform reliably with minimum crew mainten- 
ance. Testing shall include a minimum of three different specific 
conductivity values over the range of temperature, flow and pressure 
conditions specified in Section 3.3.4. 

3.2.3 Combustion Tube/CO^ Sensor Development 

This task involves two parallel efforts to provide as the end 
product a miniaturized total organic carbon analyzer. These efforts are 



for a UV approach to convert organic carbon to CO^ and for the CO^ 
sensor. This analyzer shall consist of a UV concept to convert, as a 
minimum, organic carbon contaminants in water to GO^ along with a sensor 
to quantitatively measure the CO 2 in a range directly relatable to a 
water organic carbon content from 1 to 200 ppm. Design modification to 
drawings of the selected off-the-shelf CO 2 sensor shall be conducted 
followed by modification of the purchased sensor. In parallel with this 
effort, based on DST results from Task 3.2.1 with the addition of the 
range limits of pH, flow and pressure indicated in Section 3.3.4. 

3.2.4 Modification and Test of pH Sensors 

Drawing modifications shall be made to the selected pH sensors, 
followed by modification and test of the unit. Modifications shall 
focus on miniaturization- and integration into the common water quality 
sensing unit with the objectives of volume, weight and power reduction. 
The modified unit shall have a minimum water holdup volume, fast re- 
sponse to concentration changes , features compatible with a zero-g 
environment, no electrical interference characteristics, and perfom 
reliably with minimum crew maintenance. Testing shall include a minimum 
of three pH points over the range of temperature, flow and pressure 
conditions specified in Section 3.3.4. 


3.2.5 Breadboard System Integration, Test and Preprototype Development 
3. 2. 5.1 Breadboard System Integration 


This task consists of integration of the units from Tasks 3.2.2, 
3.2.3 and 3.2.4. The sensors shall be capable of analyzing water at one 
common point herein defined as the WQM unit. The combination of the 
three sensors Integrated to form this unit shall exhibit no electrical 
interferences, minimum holdup volume and fast response to changes in 
organic carbon content, pH and specific conductivity. The electronics 
shall be housed into a single rack mounted type unit. The WQM unit 
shall be designed as a plug-in type device with one water inlet port and 
one water outlet port and be compatible with the flow, temperature, 
pressure and water quality ranges specified in Section 3.3.4. Commer- 
cial off-the-shelf equipment may be incorporated into the breadboard 




system to simulate pressure and flow ranges and any required valve 
sx^itching operations to make the system automatic in sampling and 
analysis features* 


3*2. 5. 2 Breadboard System Test and Definition of Electronics Modifications 

The breadboard shall be tested over the pressure, flow, temperature 
and xrater quality ranges specified in Section 3*3*4* Qualities of the 
water which shall be emphasized are pH, organic contaminant content and 
ionic salt content* Specific realistic modifications to the electronics 
shall also be defined (but not fabricated) under this task. The modifi- 
cations shall focus on an electronics package of no electrical interfer- 
ence and reductions in volume, pox^er and weight. 

3*2. 5. 4 Preprototype Design 

In addition to the electronics modifications defined during task 
3*2.5. 2, other design changes shall also be defined. These design 
changes shall result in detailed fabrication and packaging drawings and 
specifications of a preprototype system. The design changes shall 
result in tangible volume, pox^-er and weight reductions over the bread- 
board system. 

The design changes shall include but not necessarily be limited to 
further miniaturization of the sensors, further miniaturization of the 
system, reducing the size of the reagent and fluids package, minimizing 
reagents consumption, improving system response time, and incorporation 
of in-situ maintenance of life limited items. In addition, the system 
design will incorporate a safe, automatic shutdoxvm mode, a reagent line 
purge, and a mode for system isolation upon failure. Appropriate modi- 
fications to the breadboard electronics x^^ill be made to enable integra- 
tion of the breadboard electronics package with the preprototype system. 

3*2. 5. 5 Preprototype Design Review Meetings 

Upon completion of both the preliminary design layout drawings and 
the detailed design drawings a design review meeting shall be conducted 
with NASA. The drawings shall be subject to approval for release to 



fabrication by NASA to the extent that all objectives in Section 3, 2*5.4 
have been met. 

3. 2. 5. 6 Preprototype Acceptance Testing 

Subsequent to fabrication, the system shall undergo testing at the 
contractor’s facility to verify acceptability to NASA. Design verifi- 
cation testing shall be conducted on the completed preprototype water 
quality monitor to verify subsystem functionality and that design per- 
formance levels are met. Subsystem power requirements, ranges of detec- 
tion for the four measuring parameters, stripper capacity, effect of I 2 
and chloride in the water sample, and overall system operation character- 
istics shall be experimentally determined. The subsystem performance 
will be evaluated in all modes of operation. Automatic shutdown will be 
simulated. The testing shall include minimum, nominal, and maximum 
limits of pH, conductivity, ammonia, and total organic carbon as defined 
in section 3.3. 

Accuracy of the pH conductivity ammonia content, and total organic 
carbon shall be within + 0.1 pH units, + 5 percent of actual conductivity 
of + 1 ymho (whichever is greater) + 2 percent of actual ammonia value 
or + .5 ppm NH^ (whichever is greater) and + 10 percent of actual TOC 
value or + 1 ppm (whichever is greater) . 

Samples of the test solutions will be furnished to NASA/ JSC for 
corroborative analysis. The subsystem testing shall be performed ac- 
cording to a plan to be approved by NASA. As a minimum, the cumulative 
time during testing at normal subsystem operation conditions during this 
task shall be ten 8-hour days. 
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aiJure Kirecl on System/Subsyst t*iii 
System determination of all parameters will not be functional. 


tVnluru Del ec lion Miithod: 


Sample flow sensors will indicate low flow* 


iCrew AeLion ^<e<(tiireil 

I 

’ Replace filter, at a convenient time. 


riiiu' 

M 


— j._. 


I J in(.> 
Av.'ii 1 . 
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T[T1,E 

VMTER QUALITY MONITOR (J.O.M.) 


j E Suhny si cm 
1 □ I.oop Q Component 


I’.irt 
r.’o . 

Rcll.'iljility 
Logic No, 

f 

1 Name | 

1 

1 rnnctlon 

1 

i 

1 1 

1 1 

! 

; '! 


VALVE ASSEMBLY 
INPUT S IGNAT. 

VALVE n 

Mode Control of W.Q.M. 

Sample or .standard to system 


. r<i i 1 II re Mod e .and Cau so : 

» 

i 

' 1. Electrical connection f allure-power off» 

f 

i 2. Electrical connection failure-power locked "on*** 


I(! • I ( i i\ii I 1 1 V 


tiilurc Effect on Coinponent/runct ional Assembly: 

!• Lack of electrical power will cause valve to be in its normally 
open position. 

2. If the power is locked "on", valve may get caught in its actuated 
position (Standard I or II) 

\iiluro Effect on Systom/.Snbsyst t*m 

1. Electrical connection failure will limit the W.Q.M. to sample mode only, 
and therefore will prevent instrument calibration. 

2. With power locked "on*\ Valve 1 is actuated. The system can now 

only calibrate the instrument using Standard 1. Sample and Standard 2 
modes cannot take place. 


jrnilure DcMcction MtitluxI: * 

j 

! 1. The 6 hour calibration cycle will give off-scale readings, 


'ri'W Aoiion ^t'qu^rLHI 

Replace valve or fix electrical failure. Check 
Standard 1 quantity. 


r I iTu.» 
Rcn*d 


T J 

Avail 
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F.i i 1 0 ro Mod e , K I' f t>c I s 
& Cr IL if.il i I y Analysis 


i 3 

I ()i 20 


1 firiJ 


WATER QUALITY MONITOR (./.O. M.) 

I RRliabjliCy I 
I Name 


' Pare I RRliability 
j No. 1 Logic No. 



VALVE ASSEMBLY 
INPUT SIGNAL, 

VALVE n 


' j IIIATt.' 

1 _ _ 11/17/79 

O Su])r.y<; I cm 

□ I.o<M' □ ConiponcMU 


Ion 

Mode Control of W.Q.M. 
Standard 1 or Standard 2 to 
System 





ORION KEriEARCH, INC. 


J Trn.E 


F.iilnro Modu, Effc^rts 
Crit jralitry Analysis 


1 _ WAT ER QUALITY MONTTOR ^0 ^£.*210 

’ l\irr: Roldnbllity j 

I No. Logic No. I 


I’.nj'G 4 j 

Of' 20 I 

j {n'A-ri.r 

k/J-7/79_ 

□ Subsysti»ni | 

O Loop □ CoinpcincMit j 


Na Na 


I'uiu'l: ion 


VALVE ASSEMBLY 
FLUID BLOCKAGE 


Mode Control of W*Q.M. Operation 


Irailure Mode and Cause: 


I(! ‘ 1 1 * ca I i'*i V 


I 1, Fluid blockage caused by particulates • 


Mi lure Effect on Component /Fiinct: ional Assembly: 


1* No fluid flow through a valve or valves^ 


IVulure Effect on Kysl oni/Subsysl em 
1. If blockage occurs in valve: 


Valve it 


1 No sample or standard flow, no measurements 

2 No standards flow 


I'nilure Detection Mc:tliod: 

Flow Sensors #3 and #4 will indicate low flow, system will shut down* 
Six hour calibration will yield off scale readings. 


•Crew Anion Koquired 

; Locate blocked valve and replace or replace entire 
; valve assembly. 


i r i me 

i RooM 


T f mv 
Aval 1 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 










^ TIT1.E 


V7ATKR QUAMTY MOKtTOR 


Name 


□ Subr;yslc‘m 

Q hoop E Coniponc'iU' 


Pnrl I Reliability 
; No. I Logic No, 



I’uiK’t ion 


Pump sample, reagents and standards 
to W*Q,M* sensors* 


Vailure Mode and Cause: 

Electrical power loss or main connection failure- 


[(* ‘ 1 1 i CtS I i i.v 


I-.nliirc EffocL on Component /Fnnct lonaJ Assembly: 
Pump ceases function. 


jlajjiiro Elfoct on Sysloni/SubsyslcMH 

I Loss of fluid flow to measuring system. Subsystem will no longer have 
* effective monitoring capability - 


'Fniluro Detection McrthocI 


i 

I 

j Flow sensors will detect loss of sample and reagent flow. 


I crow Action 'Required 

I System will shut down automatically* Replace or 
repair electrical circuits or pump assembly at 
' convenient time. 


} r [ me* f 


RcdW 


y Jinc 
Avn i 1 . 
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& Critir.aljry Analysis 
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J*nrt 
[ No, 


WATER QIMLITY MON f TOR (J.O.M,) 

Nn:nc 


® Subsysi ('PI 
□ hoop 


!l/17/79 


□ Co'iipt)ncMir 


Rnliabiiicy 
Logic No. 


Fiinc't ion 


! 

i 


PUMP 


Pump sample, reagents and standards 
to W.Q.M. sensors 



.riilUire Mode and Cause: C-Ilicallry 

I Pump tube failure ^ rupture* 

a. due to upstream or downstream blockage. ' III 

: b. jammed down pressure plate, abrasive failure, 

j c. pressure regulator failure over pressure, 

j d. premature wear failure. 

; e. crystallization in lines due to improper shutdown. 


Failure Effect on Compunent/Funct ionnl Assembly; 

Leakage of sample water or aggressive reagents into sealed pump housing. 
This could cause electrical short of motor assembly. Leakage of reagents 
-t would cause corrosive attack on materials on pump or lubricant of bearings 
^ and gears. 


I Fa J Jure Effect on SysLem/Subsystem 

I The W.Q.M. will automatically shutdown. Any leakage caused in the pump 
! will be contained in the pump housing. 


JFaiLure Detection Metliud: 

‘ A. Flow sensors will detect low flow, and after a 2 minute interval, 
j automatically shut system down. 


I B. Accumulation of fluids in the pump housing. 


jCrew Action Required 
i 

! Replace pump tubing or entire pump at a convenient 
' time. 


rime 


I 


T J me 
Ava J ] . 
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j Vnyc8 \ 

Pailnrn f^ode> Kffc'(‘ts j of 20 I 

ft OriliraLiiy Analysis 


WATER QUALITY MONITOR (W.O-M.) 


i inA-rK 

[ 

I □ Subr,ysU>m 

1 Q Loop K) CoiiiponcMU 


Part 

Mo. 

Reliability 
Logic No. 

1 Name 

t 

i 

! 

1 . 

CO 2 SENSOR- 


I’nnrl Lon 


Continuous readout of CO2 level 
(For TOC determination) in 
drinking water* 


I'ciilure Mode and Cause 

A. Low readout - CI2 contamination* 

B. High readout ~ membrane leak 

C. Erratic readout - bad electrical connection or interference. 

D. No readout - broken capillary glass 


\C ^\i icLil I tv 


Kailuro Effect on CompontMic/ Functional Assembly: 

Unit will no longer provide correct mv output proportional to TOC level. 


■ iViilnro Effect on Syst tMii/SubsysU»m 

j System determination of TOC will not be functional. 


^I'.iiluro IkMoct ion Method: 

t 

‘ Manual check of TOC level on standard or at six hour auto-calibration 

I ■ . , ■■ ■ .1. . I 

‘ when excessive biasing will be necessary. 


;Crrw Action Required 

I Disregard TOC measurement replace sensor at 
convenient time. 


r I 

^CVJ W 


T i VK* 
Avn 1 1 








|i'.ij]uro F.rfiicc on Sysioni/SiilisyHt i-m 

I System determination of NH3 will not be functional. 


1 

I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _r --n J ^ ^ ^ ^ ^ ^ ^ ^ __ _^ ^ ^ ^ ^ n J ^ — p-^ • _ _ 

I'.'niliire Detection Mt'tliod: 

I 

, Manual check of NH3 level on standard or at 6 hour auto-calibration where 
! excessive biasing will be required. 


idri'W Action Koquireil j rime i Tfm> 

| '?ca'cl 1 Avail. 

1 


- 7 <^ 







H'.'iilurc Det'cc fioii McLluul: ! 
* Manual check og pH on standard or at 6 hour auto-calibration where excessive j 
! biasing will be necessary. i 


AfLion i^oquireil [ I'Jnic ■ limt* 

. Pt'<i'(l Avail, 

i Disregard pH measurement. Replace sensor at 

i convenient time. 


jkIo 


I 

I 
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WATER QUALITY MONITOR (J.O.M.) 


• J’.irt R»»li.'ibllity 

J No. Logic No. 


, I'.T'Pll I 

I F.iilurc* Hodo, Klfocti: ! 20 1 

I & Or itioal il y An;i lysis j — iiVA i'i.*' ' 

1 ^ L ’ 1 / 17/71 

□ Sub:^ysU*ni 

ri w \ 1 Q iAiop □ Componrnl 



Vnm:l tun 


CONDUCTIVITY SENSOR | Continuous readout of conductivity 

j of drinking water. 


Mode and Cause: 

1 

I 

' A. No output--Broken electrical connection 
! B. High reading --epoxy degradation cuasing electrical short 
i circuit or chemical contamination due to backflow of 

I persulfate* 


J(' • 1 1 i ci\ li I V 


‘.11 lure EffecL on Component/Functional Assembly: 

A-B. Unit will no longer provide conductivity reading. 


aiJure Effect on Syst om/Subsy.sl em 

System determination of conductivity will not be functional. 


I'ailure Detection Muthod: 


Visual check of readout, 6 hr. calibration cycle 


:Crc‘w Ac Li on ^,equired 
I Replace sensor at convenient time. 


rime 

hi 


Time 
Ava i 1 . 
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& Cr it iral j ly Analysis 

1 

\ 
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: TITLE 

1 □ Su b:^ystc'm 


WATER QUALITY MONTTOR (J.O.M.) 


Part 

Reliability 

Name 

No. 

. Logic No. 

1 


STRIPPER 


□ J.oop IS) Coinponc'iU' 

1'mic.t Ion 


!i’;iilurti Mode nnd Cause: 


Chemical transport across membrane 

ic:'* i I I i ( V 


i Erratic TOC reading - leak across membrane 


jiailurc EffecL on Coraponent/l'iinct ionnl Assembly: 

I 

j Chemical contamination of TOC sample. 


'i'.ijjuro KlTect on Sysleni/Subsystem 

j System determination of TOC will not be functional. 

i 


I 

jlViiliirc DoLoctiou M(;thod: 

[ 1. Six hour calibration cycle 

I 2. Flow sensors 


Icrew Action Required 

i None. Disregard TOC measurement replace stripper at 
I convenient time. 


rime 

i?e(iM 


T J me 
Av.i i I . 
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Ku’lnro ffodt*, Ktfc’ct.; 

& ( : r I L i ca I i t y Anal y.s I s 


' TITI-E 


WATER QUALITY MONITOR (J.O.M.) 


1 I’aj'o 

i 20 

I inVn- 

i_ 'l/17/79_ 

I □ Subj^yslrni 

i □ Loop n CompiMicMii 


[ Pfirt: Rftlinbillty 

: No, Logic No. 





U.V. ASSEHBLY 
(Light Output) 


Modify sample for TOC measurement 


IVaiUire Mode and Cause: 


• Loss of light output - Bulb failure or broken electrical 
i connection 


jl’nilurc Effect on Component /Fund i onnJ Af^semhly: 
I Photo chemical reaction would no longer occur. 


IC * i l icM I I ( V ; 


• !’a i Jure F.lToct on Syst eni/.SubsyfU cmii 
i TOC reading would be low. 


[I'ailurc Detection M<ithod: 

I 1. Lamp sensor would indicate lamp failure. 

I 2. Manual check of TOC level on standard at 6 hour auto-calibration where 
: excessive biasing would be required. 


;Cruw Action Required Vtinv 

None. Disregard TOC measurement; replace/repair bulb ^o<i*d 
i connection at convenient time. 


Time 
Avn i 1 
















OKTON KESEAUn?, 


Failuro Mode, Krfect;-: 
w Cr it if.i lily An.i lysis 


j l’a*'o 15 j 

I Of 20! 


iOA l I-- 

i 1 / 17/79 


WATER OUAUTY MON ITO R (.f.O. M.) 

Part 1 Reliability „ 

No. i Logic No. Name 


□ Sulisystrm 

□ IxH'p □ Comp<in<MU 


I'linct ion 


U.V. ASSEMBLY 
(Quartz coll) 


Modify sample for TOC Measurement 


jrailure Mode and Cause: 

I 

I 

^ Loss of fluidic path due to quartz coil breakage* 


!C*“ n ioa I i t:v 


jKailurc Effect on Component /Functional Assembly: 

j Photo chemical reaction would no longer occur. 
Fluid leakage would occur. 


llVuJure Eifect on SysLeni/Subsyst cmu 

J 

4 

\ No TOC reading. 


jl\uluro Delcction Method; 

1 

j Visual signs of fluid leakage. 
; No TOC reading would occur. 


‘Crow An Ion ^.cquired 

■ Shut system down and replace U.V. chamber at a 
convenient time. 


r 1 in<* 


I « mo 
Avail. 






; OKION ]UvSEARCH, TNC. 


Tailuro Mode, VAfvriy^ 
tt rriL Ic*al I'l V AnalvsiJJ 


or 


jlUTK 


Tm,E 


V/ATER quality MONITOK (./.O.M,) 


I □ Sul)svsli»m 

t ^ 

I □ ]xK'p S Comp(niLM\i 



Failure' Mode and Cause: (’'Miralitv ; 

I { 

A* Ko pressure regulation; fluctuation with system pressure j 

particulate matter in regulator or sticking regulator mechan-* I 

: ism in operation. 

B. low or no response and f low^particulate matter in regulator ; 

' or sticking regulator mechanism in closed position. j | 

|lailure Effect on Component /r»nct i onal Assembly: j 


A,B* Constant pressure on output side no longer available. 


I ;u luro EiTem on .Syslem/Suljsyslem 

A. Varying input, pressure causes proportion of reagent to sample change 

^ causing excessive variation in the W*Q*M*, TOC, NH3 sensors. 

B. Low or no flow will cause W*Q.M# to give off-scale readings on all 
‘ parameters and cause auto-shutdown. 


I'ailure Dc'Cocflou MoChoih 

A. Observation of cyclical TOC and NH3 readings with system pressure. 

B. Sample flow sensors will indicate low flow. 


•Crow Art ion '>!('quired | Tniu' Time 

Put unit on standard mode and cycle regulator 4 times Av;u I. 

. full closed position. Observe system, if malfunction 
still persists repeat procedure. If still faulty, 
t power down unit a nd replace regu lator at_cqnven:^^t ' 
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TITLE j □ Subsystem 

WATER QUALITY MONITOR (./.0,M.) [ ° 

Parc 1 
No, 

Rftli ability 
Logic No. 

N*une 1 ^unction 

t 

« . . 


* 1 

i 

1 

"INTERNAL LEAK j NA 

1 FAILURES" j 


Vzi i lure Mode and Cau so : j(* * 1 1 i c:n H t v 


Fluid leaks within fluid handling package (F.H*P,) cover-faulty j 
”0** rings, loose mounting bolts, leaking sensor seals, or mechanij- 
cally damaged components ^ I 



luilurc KffocL on CompoiUMit/Fiincd ional Assembly: 


djjlurc' Kffect on Myst eni/j;ubsyKtc*m 

I Any of the above could cause improper sensing, improper instrument 
' calibration or physical component damage due to chemical exposure • 


j'';Mlure Dotoction Mt*tUocl: | 
1 1. Visual inspection of F^H.P. inside after obtaining erratic water quality j 
' readings ♦ { 
i 2, Flow sensors will indicate abnormal flow and shut system down. , 


!(’rcw Arlimi Kuquired 

i Power down unit. Inspect for leak, repair at 
convenient time. 


r i HR* 

! Tine* 


1 Ava i 1 . 

I 




ORION ’^ESEAROH, INC. 


: Tl'il.r. 


I’jiilliro Mode, Hlli’cts 
& Or i t ira 1 1 1 V An.’i lysis 


I'.nytiS 


i 01 20 ! 

i ;nvn.-- 

: _ 1/17/79 

i Q Siibsysi cm 


. WAT ER QUALITY ? <ONITOll (J.9.M.) 

i'art I ''.ol lability 
: N.>. bogie No. 


Q hoop 


□ CcMiHXJnriU 


I I on 


FLUID HANDLING 
PACKAGE (F.H.P.) 


Continuous potable water analysis 


ii’iiilure Mode and Cause: / 

• External leakage from F.H.P. j 

! 1. Seal failure inside F.H.P. cover and failure of back-up j 

• cover seal. (See F.M.E.A. for internal leak failure) | 


\c ' r I i cii ! 1 1 V 


jl-.'iilurc Erfocl on ComporionL /Frnict ional A.sscniblv: 
} !• Physical damage due to chemical exposure* 


! i lure KlfocL on SvHl oin/Siih^ysl iMH 

A. Fluids on sensor board will cause electronic raalf unction. Lack of 
fluid to sensors will cause erratic readings. Total system inoperative. 

B. Cabin will be contaminated xdLth fluid. 


l.iiltiro n<'n‘Ct‘inn McLluul: \ 

• 1. Visual observation of leaks. | 

I 2. Plow sensor signal for loss of flow. System will automatically shut down. J 


iCrt'w AoLion Koqiiij'cd j Pinu* 

j Power down unit. Close sample input 5 reagent and waste FcciM 
\ lines. 



I 


ORION RKSEARCH, [WC, 


I Fniliiro MotJe, IvlTort:; 

I fi cri Lu'aliry An;i lysis 


i Fnyc»19 

or 20 


"rrrLFr*” 


WATER QUALITY MONITOR (J.O.M,) 


iniVl’R'"' 

[ inj/19^ 

Q Subny^it c'Hi 

, D hoop 0 Compononi 


• No* 


Rolinbiltty 
Logic No. 

Niuno 


Reagent and 
Containers 

1 

1 


Irallure Mode and Cause: 


FnnoL ton 


To contain reagent and standard 
fluids for W.Q*M. system use* 



- - " i • 

I l i <‘i! I t Vv 


j Containers have not been identified for prototype design • 
The following are general modes of failure only: 

I 

; 1» Line blockage - particulates. 

. 2. Container rupture* 


I 

I 


jljilurc Effect on Coinponont/rnnct ionnl Assomhly: 

I !• Fluids leaving containers are blocked by particulates. 

I 2. Container ruptures. 

i 

I 

1 

i 


!. _ 

MVJilnrc Effect on Eysl om/Rirbsysl om 

1. As a result of line blockage the fluids will be prohibited from entering 
I the system. The lack of reagents will not complete chemical reactions 

, for sensing measurements and the lack of standards will not allow jnstru 

! ment calibration. 

i No flow through the pump will increase pump tubing deterioration and 

^ decrease system life. 


/\iiluru Dotoction M<»tlKKl: 

1. Flow sensors will show low flow conditions for reagents. 

2. Six hour calibration cycle will show no standard flow from both flow 
sensors and lack of instrument calibration. 


•Cr<*w Anion Ro<juired 
: Power Down Unit. 

‘ 1. Locate and replace blocked lines 

, 2. Locate and replace ruptured container 


flino 

PooM 


Tj 




Ava j 1 , 
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Fill lure Mode, Ef Certs 
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TITLE 

WATER QUALITY MONITOR 


i "iijre20 

or 20 

i'lU'rF 

U./ 17/7 9 

□ Subsystem 

□ Loop □ Component* 


: ILirt ) Rrlinbillty j 
[ No. 1 Logic No. 


Name' 

REAGENT AND 
STANDARD 
CONTAINERS - 2 


lnrm:t ion 


I 


- 1 


:1*\iilure Modt- and Cause: 


|C’‘ : i Loa i i I V 


K'liluro Effc cL on Coinpom»nt /Funrt ionnl Assembly: 




[K.'iJlure El feet on Syslcm/SuhsysUuii 


I 2. Container rupture will cause. standard or reagent leak Into container 
; cavity. Effect on the system is the same for line blockage. 


*Vi i I uri* DiM (•(' t it)U Mclluxl ; 


{Crc'w AcLion ‘^ccjuirod 


T line* 
RcnM 


T l‘ VK* 
Ava 1 1 
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APPENDIX III. INSTRUCTION MANUAL 


Initial Start-Up Procedures 

The first task in setting up the WQM is to make the appropriate 
electrical connections. 

Before turning on the power, it should be ascertained that there is 
sample available and that the reagent and standard lines are properly 
connected to the appropriate containers, and that provision for col- 
lection of the monitor's effluent has been made. 

Switch the power on (main elec- box) and put the unit in the MAN 
and WATER modes. If the auto shut-down light on the auxiliary elec- 
tronics is on, press it to deactivate the shut-down system. The pump 
motor, magnetic mixer and UV light should be on. 

In order to begin pumping the fluids, the pressure plates in the 
peristaltic pump must first be engaged. They are controlled by a knob 
located beneath the pump housing. Turn the knob until the pressure 
plates reach a maximum height, pressing the tubing against the roller 
carriage. 

If the unit is completely dry, it may take as much as 15 minutes 
for the sample and reagents to fill the system. The four thermal flow 
sensors are calibrated at Orion to read center scale at the proper flow 
rates, and left scale when the flow rate is zero. Within fifteen min- 
utes of start-up, the flow meters should settle on the center scale 
readings. Failure to do so is of course indicative of either a fluid 
malfunction or bad flow sensor* The flow sensors monitor each of the 
two individual reagent flows as they pass from the pump to the sensing 
mainfold, and each of the two "reagent plus sample" streams as they exit 
the CO^ stripper. Reagent flow rates are 4 ml /hr. and the sample flow 
rate is 12 ml/hr. in each channel and thus the flow in each of the 
combined streams is 16 ml/hr- 

The information yielded by the flow sensors can be used to diagnose 




most fluidic failures. If in initial start-up of the WQM, all four flow 
sensors do not achieve center scale readings, the troubleshooting pro- 
cedures are simple and logical. For example, if one of the reagent flow 
sensors does not register any flow, the flow sensor which monitors the 
combined stream for that channel should read low - only 12 ml/hr. in- 
stead of sixteen. This would confirm not only that reagent is indeed 
not flowing but also that both flow sensors are functioning properly 
since they agree with each other. 

A knowledge of the flow schematic and proper interpretation of the 
flow data allow an operator to easily track down fluidic malfunctions - 
lack of sample, reagent or standard, failure to pump, leaks or blockages 
of fluid conduits, etc. The flow data determine a troubleshooting path 
such that individual components and interfaces can be checked for leakage 
or blockage, replaced or cleaned as required. 

There are three lighted pushbuttons on the main electronic panel 
which are labeled WATER, STD A and STD B. They control the solenoid 
valves which select the fluid to be pumped. Put the instrument in each 
of these modes for at least 5 min. and observe the flow meters to check 
that valve operation is correct, to prime the standard and sample lines 
and to insure that there are no plumbing problems in these legs of the 
system. 

Once it has been determined that all of the fluid-handling func- 
tions are in proper working order, it is possible to calibrate the 
instrument. 


Calibration 


Manual calibration procedures are directed from the main elec- 
tronics front panel with the exception of those adjustments which per- 
tain solely to the NH^ calibration. Put the WQM in the MAN and STD A 
condition. Allow 10 minutes for the sensors to stabilize on STD A. 
Using the COND SLOPE knob and the TOG CALj^ pH CAL and NH^ GAL knobs, 
adjust the meters to read about 1088 ymho/cra, 72 ppm, and 6.86 and 25.0 
ppm respectively. Let the instrument run in the STD A mode for several 
minutes to check the stability of the readings. Readjust if necessary. 




When the values seem stable, press the SERVO button. This activates the 
servo motors for 15 seconds. During this period it is possible to 
center the restandardization meters on the left panel. Using the COND 
SLOPE knob and the TOC, pH and NH^ CAL knobs, adjust and watch which way 
the pointers on the RESTD meters move. Pressing the SERVO again if 
necessary to keep the motor active, turn the knobs until the pointers 
are centered on the three meters. 

The conductivity sensor requires no further adjustment. Its value 
on STD B is over range. 144 ppm, 1.92 and 50.0 ppm are the values of 
TOC, pH and NH^ on STD B. Press the STD B button and allow time for 
these to stabilize. Then using the SLOPE knobs, adjust them to the 
correct values. Now press the WATER button. The calibration procedure 
is complete. If the instrument has been shut down for a period of time, 
it may be necessary to repeat the calibration procedure until all of the 
sensors have completely stabilized. 

The AUTO Mode 


The WQM is designed for continuous monitoring. When monitoring a 
"real" sample the instrument should be in AUTO so that the automatic 
calibration will occur. 

A timer at the rear of the electronics unit controls the AUTOCAL 
cycle. In AUTO the AUTOCAL cycle is invoked every 6 hours and lasts 15 
minutes Cthough these intervals can be varied) . At all other times the 
sample is in WATER and the ON LINE indicator at the top left control 
panel is lit. The timer begins the 15 minute cycle by switching the ON 
LINE and WATER lights off and the STD A light on. STD A is aspirated 
for 15 minutes and the timer switches the instrument back to its origi- 
nal condition, and at the same time triggers the SERVO mechanism for 15 
seconds . 

The AUTO mode can be left at any time by pressing ST/BY, MAN, STD 
A, or STD B. If an AUTOCAL cycle is in progress it will be aborted. To 
return to AUTO from MAN, the WATER light must be lit. In MAN, if the 
timer is in the 15 minute AUTOCAL condition, the AUTO button is deacti- 
vated to prevent erroneous calibration. The timer can be advanced by 
hand if necessary to return to AUTO. 



The MAN Mode 


The 14AN mode is most useful when the instrument is used in the 
laboratory as opposed to ON LIKE monitoring. WATER, STD A and STD B 
positions can be interchanged at will and the running of samples will 
not be interrupted by the AUTOCAL cycle. The timer continues to operate 
but its switches are deactivated. This is so the time of AUTOCAL mil 
not be effected by mode switching. 

The MAN-WATER Mode 


The MAN-WATER mode is for laboratory use. Samples can be intro- 
duced into the sample aspiration tube at will. 

The MAN-STD A Mode 


The MAN-STD A mode is for manual or semi-automatic calibration. 

This mode is evoked from either the AUTO or MAN mode by pressing STD A. 
When the sensors have stabilized on STD A, the conductivity SLOPE con- 
trol can be used to set the 1088 pmho/cm value on the conductivity 
meter, and the TOG, pH and NH^ CAL controls can be used to set the 72 
ppm, 6.86 and 25.0 ppm values on the TOC, pH and NH^ meters. This can 
also be accomplished by pressing the SERVO button which can be activated 
only in the MAN-STD A mode. By pressing the SERVO button and then 
adjusting the COND SLOPE, TOC CAL, and pH CAL and CAL knobs, the 
pointers on the RESTD meters can be centered. 

The MAN-STD B Mode 


The MAN-STD B mode is for checking/adjusting the slopes of the pH, 
NH^ and TOC sensors. These adjustments can only be made after the 
sensors have been calibrated on STD A. 6.86, 25.0 and 72, the set points 
for STD A, are the "ISO" points of these meters. The ISO point is the 
only point whose value is not changed when the SLOPE control is adjusted. 
Theref orej'^afhcr these points have been set on STD A with the SERVO 
button or CAL knobs, the values 144 ppm, 25.0 ppm and 1.92 can be set on 
STD B with the TOC, NH^ and pH SLOPE controls. 




It should, be noted that STD A and STD B share a conduit in the 
valve manifold - the one connecting the two solenoid valves. Therefore, 
if the STD A mode is activated from the WATER mode, when the previous 
STD was STD B, a segment of STD B solution will pass through the sensors 
before STD A reaches them. The operator should be aware of this to 
prevent confusion. The reverse case should not be encountered, since 
STD B is to be run only after having run STD A. 

The STD /BY Mode 

The ST/BY mode is used when the instrument is to be shut down for 
brief periods. The timing cycle of the AUTOCAL is not effected, but the 
pump and UV light are turned off. When the pump is off for more than 1 
or 2 minutes, the pressure plates should be released using the knurled 
knob beneath the pump. 

Fluid Package Assembly Procedure 

The fluid package consists of three main assemblies; the valve 
manifold assembly, peristaltic pump, and sensor package assembly. Each 
is p re- assembled on the bench top, and then installed into the system. 
The peristaltic pump is placed into position first, followed by the 
valve manifold and sensor manifold assemblies. A brief assembly pro- 
cedure of each section is described follox^ed by individual installation 
procedures. 


Peristaltic Pump Assembly Procedure 


Assembly should begin from the bottom of the pump. The pressure 
plate guide and all associated components should be mounted to the 
frame. The pressure relief shaft is next added, securing the saddle 
tube release plate and springs into position. The pressure relief shaft 
should be threaded into the frame to its maximum. This will guarantee 
proper pressure plate release. The bottom cover should now be added. 
Tubing is next placed into position and secured with the tubing clamps. 
The pressure plates should be drawn down allowing easy roller cage 
mounting. Once secured, the pressure plates are released and the pump 
is ready for installation. 




Peristaltic Pump Instalation 


Place the pump into position and secure by the frame mount screws# 
Add knob to the pressure relief shaft under the fluids package mounting 
plate. 


Valve Manifold Assembly and Instalation 

The valve manifold has been previously assembled by Angar Scien- 
tific Corp# It can be directly mounted into position using dowel pins 
for proper fluidic alignment# Special care should be taken to insure 
correct ring seating# Once secured the tubing manifold is added. 

At this point the pump should be started and checked for proper 
tubing length and alignment# Channel flow rates should be examined to 
insure the pump is performing as designed. Valve manifold misalignment 
may cause low flow, therefore, care should be taken to properly align 
all fluid paths. 

Dowel pins are now added to the effluent side of the pump# Slide 
the flow sensor manifold into position until it properly butts against 
the pump frame. 


Sensor Manifold Assembly 

All components mounted to the sensor manifold are pre-assembled# 
During assembly, components should be mounted to the manifold on the 
bench top and hydro tested for proper sensor alignment, insuring desired 
fluid flow rates. An assembly sequence should be followed to allow for 
individual component alignment* After installation, each sensor should 
be tested with the test syringes supplied. By following both the flow 
diagram and the sensor package layout drawing one can trace the fluid 
path in question. Injecting water into this path will allow the assembler 
to identify any misalignment, through excessive back pressure. Sensors 
that can be pinned into place through fluid holes should be done using 
the .030” dowel pins supplied. 

The following is a list of the assembly procedure starting with the 
Sensor Manifold Top. 



1 . 


Sensor ^lanif old - Top 


A. Mount flow sensor #4 onto the top of the stripper • 

Utilizing the pinning technique one can adequately align the 
fluid paths- 

B- Cut to size the polypropylene backed teflon membrane for 
the stripper. I'nien installing, consult the stripper detail 
drawing to locate the two fluid through holes. Once located, 
punch the holes, clean, and mount the membrane to the lower 
half of the stripper. Now add the top section of the stripper, 
thoroughly bolting the unit together. Hydrostatically test, 
using syringes, to insure proper membrane alignment. It 
should be noted that the stripper has the most fluid resistance 
in the system. This should be considered when hydrostatically 
testing. Now mount stripper assembly to the sensor manifold. 

C. Mount the TOC sensor to the sensor manifold. To test for 
proper sensor alignment, inject water through the U.V. chamber 
fluid path openings. Fluid should flow with ease. If a 
resistance is present, loosen TOC sensor block mounting bolts 
and jog sensor into position. 

D, Secure mixer into position. Mixer misalignment will be 
checked when mounting sensor manifold bottom components 

2. Sensor Manifold - Bottom 

A, Mount pH and CONDUCTIVITY loop blocks as well as pH and 
CONDUCTIVITY sensors to the manifold. Inject water into the 
sample inlet openings of the manifold. Individually check 
each sensor for alignment. If resistance is present loosen 
mounting bolts and jog sensors into position. While hydro- 
statically checking each sensor, it is important that each 
corresponding reagent inlet opening be blocked off sufficiently 
to prevent water from exiting. 

B. Now mount the NH^ sensor. Again through water injection 
into the sample inlet opening at the pH sensor side, and 
blocking off the reagent opening on the same side water should 




flow through the pH sensor, mixer and then into sensor* 

If resistance is present, jog the sensor. Since the water 
next enters the stripper, more resistance will be present in 
the line. Therefore, it is up to the judgement of the assembler. 

C. Mount the waste block, with waste manifold to the sensor 
block. X^ater injected through the system will confirm proper 
alignment . 

The sensor assembly is now ready for installation. Lower electri- 
cal connections must be made before placing the manifold into position. 
Correct conductivity sensor leads and flow sensor #3 leads. Now place 
the sensor manifold into position. Secure both sensor and flow sensor 
manifolds with two side plates and two end screws. The elongated alien 
head wrench (supplied) is used to drive the two end screws into position. 
Upper electrical connections must now be made including all sensors , 
flow sensors and mixer connections. Lastly, secure waste manifold to 
fluids package base plate* 

Add the U.V. chamber assembly using the opposite threaded center 
screw. Secure the chamber through the side mounting screws and connect 
the U.V. lamp electrically. 

The unit is now ready for operation. Fluid should be pumped 
through the system and examined for fluid leakage. Now add the printed 
circuit boards to fluids package side channels to complete assembly. 

Flow Sensor Calibration 

Flow sensors should be calibrated after the system has warmed up 
and run long enough to fill all tubing lines with fluid. To set zero 
flow, put the X^QM in Stand-by. This will stop the pump but the flow 
sensor circuitry will still be operating. 

Use the center potentiometers on the flow sensor amplifier boards 
to set zero left on the meters. For sensors 1 and 3 these pots are 
numbered R5. For 2 and 4 use R27. These pots control the input to the 
sensors and in actuality adjust "AT^\ Thus there will be a time delay 





in the order of 30 sec. to 2 min. before the readings stabilize. 

Once the ” zeros” have settled on left scale, put the WQM into 
”AUT0” or "MM" and allow several minutes for flows to stabilize. Set 
center scale with pots R6 for' sensors 1 and 3 and pot R28 for 2 and 4. 
These pots adjust output signal and there is no time delay. 
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Development of a Water Quality Monitor 
for Spacecraft Application 

S. J. WEST M. S. FRANT J. W. ROSS, JR. 


INTRODUCnOH 

In the closed environmental system of a 
spacecraft, it is essential to maintain satis- 
factory purity of the recycled water supply. 

This, in turn, requires that criteria be estab- 
lished for potable water quality, and rhat those 
parameters v/hich are considered to be critical 
indications of purity be closely monitored* After 
a preliminary study (1^)^ in which a large number 
of possible monitoring parameters were screened, 
NASA selected pH, conductivity, and total organic 
carbon (TOC) as the most representative, since 
any form of non- bio logical contamination which 
might be present in a water supply :;ould be in- 
dicated by one or more of these measurements. 

This paper describes the development of a 
continuous automatic monitor for these parameters 
which meets the specialized requirements of the 
spacecraft environment. ?linimum size and power 
consumption, as well as the capability of opera- 
tion under zero-G conditions, were Important de- 
sign criteria* 

The measurement of pH and conductivity are 
well-established analytical techniques, so the 
specific design features of the components used 
for these measurements were selected with a view 
toward integration with the TOC measuring system. 
The methodology for the continuous measurement 
of TOC had not been established at the outset of 
the work, and thus the development of a suitable 
method comprised the principal effort. 

Possible oxidation techniques were examined 
during preliminary discussions with NASA, As 
first choice, a literature search indicated that 
oxidation of organics by ultraviolet (UV) light 
with or without added oxidizing agents (2-6) , 
was a promising approach, although relatively 
long UV contact times seemed necessary* The 
attractive features of this approach were the 
ease of designing for continuous operation, the 
amenability of the method to miniaturization, and 

^ Underlined numbers In parentheses designate 
References at end of paper. 


our established capability to measure the re- 
sulting CO^ with a miniature CO 2 electrode. 
Combustion and wet -digestion methods (2./ ^) ap- 
peared to be more complex and more difficult to 
adapt to this application, although they are used 
in some commercial equipnent. 

PEVELOPT^IENT OF MEASUREMENT TECHIJIQUES 

Oxidation of Organic Carbon 

In the initial experiments, several oxidizing 
agents, such as hydrogen peroxide, sodium di chro- 
mate, and ammonium peroxydisuifate, were evaluated. 
The peroxydisuifate was found to be most effective, 
and was used in all further work. 

The experimental procedure for evaluation 
of the UV perox3/*di sulfate technique was simple, 
and a schematic representation of uhe apparatus 
is shown in Fig* 1. Sample solutions of various 
organic compounds were pumped through one channel 
of a peristaltic pump (Sage Instruments Biv. , 

Orion Research Inc,, Model 37 pA), and were com- 
bined with a reagent; (1 H and 1 M 

^S^Og) pumped through a second channel. The 
mixture was then passed through a quartz coil, 
which surrounded a 4-w low-pressure mercury va- 
por lamp (American Ultraviolet, Model G4T5), The 



Fig. 1 Schematic drawing of the apparatus used 
to evaluate UV - peroxydisuifate oxidation method 






Pig. 2 Typical TOC cali'brafcion curve: (a) 

methanol, l2o ppm C, 100 percent conversion; (t) 
phenol, 72 ppm c, 100 percent conversion; (c) 
acetic acid, 24- ppn C, lOO percent conversion; 

(d] sucrose, 12 ppm C, 100 percent conversion; 

(e) methane, I5 ppm C, 67 percent conversion 


coil and lamp were, in turn, wrapped with aluminum 
foil for greater UV efficiency. Residence time 
of the solution in the quartz coil was one min. 
Downstream from the irradiated coil was a standard- 
sized flow-through CO2 electrode with a flow- 
through cap (Orion Research, Inc,, Model 95-02 
Prototype CO^ Electrode, with Model 95-OO-25 
Plow -thru Cap). 

Completeness of oxidation of the organic 
test compounds ^las determined by preparation of 
a calibration curve using knovm carbonate solu- 
tions, and comparison with the measurements ob- 
tained on the test compounds. Fig. 2 is a typical 
calibration curve showing interpolated data for 
several test compounds, and should be referred 
to Table 1, which contains the data used to pre- 
pare the curve. The curvature at the low end of 
the calibration curve represents an asymptotic 
approach to the background level of organic carbon 
in the distilled water used to make the solutions. 

A quantitative conversion of organic carbon to 
COg is indicated for all of the test solutions 
except for a saturated methane solution. 

The partial conversion of methane suggested 
that under the proper conditions, complete con- 
version could be accomplished. Proceeding under 
the hypothesis that the heat generated by the UV 
lamp was driving some of the methane out of aqueous 
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Table 1 Data for Calibration Curve in Pig, 2 


Teat 

Solution 

Carbon, 

Electrodt 
Potential, mv- 

1 

Conversion 

10 “^ M CO3 

12 

0 

• 

10*2 M CO3 

120 

+50 

- 

10^2 H CH3OH 

120 

+50 

100 

M CgHjOH 

72 

+39 

100 

10 *^ M CH3COOH 

24 

+15 

100 

IO-* H 

12 

0 

100 

tfit'd CH^ 

15 

-10 

67 


medium before it could be oxidized, a stainless- 
steel coil was wrapped around the lamp and quartz 
coil- Ice water was pumped through the stain- 
1655-51:601 coil during irradiation in order to 
maintain the sample at a low temperature, Under 
these conditions, methane was oxidized completely 
to CO^- 

In contrast, certain refractory compoundsi, 
such as acetic acid, were found to be incompletely 
converted to CO^ in the cooled system. To achieve 
complete conversion of both volatile and refractory 
compounds, a two-stage oxidation system was tried. 
The sample passes first through an air-cooled ir- 
radiation chamber, and then through an uncooled 
chamber. Fig, 5 is a cross-sectional sketch of 
the two-step irradiation sequence. Both chambers 
employ dip- type 4-w mercury vapor lamps (Ultra- 
Violet Products, Inc., Model SC-1) powered by 36-w 
transformers (Ultra-Violet Products, Inc,, Model 
SCT-1), In the “cold“ chamber, the lamp is sur- 
rounded by an oversized quartz coil and housed 
in a 7,5-cm-dia polished aluminum cylinder, A 
3,2-w fan (Rotron I'lanufacturlng Co., Model Aximax 
3) draws ambient air through the cylinder and 
between the lamp and quaruz coil, and maintains 
the sample at about 1 K above ambient. In the 
“hot*^ chamber, the quartz coil fits snugly around 
the lamp and the assembly is housed in a 2,5-cm- 
dia polished aluminum cylinder. 

Inorganic Carbon Removal 

Since the water quality monitor (WQM) meas- 
ures TOC after oxidation to COg, it is necessary 
to remove CO^ from the sample prior to oxidation. 
CO2 may exist in water as the dissolved gas, as 
bicarbonate (HCOp , or as carbonate (CO"), depend- 
ing on solution pH. In acidic solutions, co^ is 
present only as the dissolved gas; in alkaline 
solutions, COg is present as a nonvolatile ionic 
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Pig, 4 Inorganic carbon stripper 



soecies, KCO- or C0=. 

This difference in volatility between the 
queous and ionic forms is the basis of the method 
for inorganic CO 2 removal before oxidation of the 
organic compounds. The removal is accomplished 
by means of a membrane stripper. The stripper 
(Pig. 4) consists of two acrylic plates, each with 
very shallow channels {0,10 mm) which are mirror 
images of each other. The plates are clamped to- 
gether with a sheet of silicone rubber, GB type 
mem-213 (0.025 mm thickness) sandwiched between 
them* The sample, which has been acidified by the 
addition of the I M H^SO^ - reagent, 

passes through the channel on one side of the 
membrane. All of the inorganic carbon exists as 
COg on this side of the membrane. An alkaline 
solution is pumped through the other channel on 
the opposite side of the membrane. The CO^ in 
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ELECTRICAL CONNECTORS 



pH SAMPLE CONDUCTIVITY 
SAMPLE 

Pig. 6 Combination pK- conductivity module 


the acidified sample diffuses through the mem- 
brane and is converted to CO“ ion in the alkaline 
stripping solution. The stripper removes 99,9 
percent of the CO 2 from the sample in 30 sec. 

Thus, a sample which initially contains 1000 ppm 
of inorganic carbon as CO^, SCO*, or CO* contains 
only 1 ppm after passage through the stripper. 

Even the purest distilled water often contains 
about 1 ppn of organic carbon, so the residual 
inorganic carbon is negligible in nearly all 
conceivable cases. 

In the WQI'I, the stripping reagent is made 
by addition of NaOH to a portion of the sample. 

This is done to prevent the loss of any volatile 
species, such as methane, which may be present in 
the sample. By using equal volumes of sample 
and equal volumes of reagent, the concentration 
of methane or other volatile, non- ionized species 
is ohe same on each side of the membrane, so none 
is lost from the acidified sample which is then 
used for the TOC measurement. The alkaline por- 
tion of sample flows to waste after passing through 
the stripper. 







TOC RESPONSE TIME {MIN ) 

Fig* 8 Relationship bet^jeen response time ana 
sample/reagenb consumption 


COg Measurement 

Once the inorganic carbon has been stripped 
from the sample and the organic carbon has been 
oxidized to CO^, the sample passes to the CO^ 
electrode. A miniature flow-through electrode 
was designed for this application. Fig. 5 is a 
schematic representation of the sensor. The COg 
electrode is a miniature pH electrode in contact 
with a very small reservoir of HaHCO^ solution. 
This reservoir and electrode are separated from 
the sample by a silicone rubber membrane. CO^ 
in the sample equilibrates with the solution in 
the reservoir by diffusion through the membrane 
until the partial pressures of CO^ are equal 
in the reservoir and sample* The diffusion of 
CO^ into and out of the reservoir affects the pH 
of the reservoir in accordance with equation (1), 

CO2 + KgO = HCO“ + (1) 

The equilibrium expression for this reaction 
is shown in equation (2). 

-''eq - [«"■] / PCOgpjO] (2) 

^ 3 signifies the activity of the enclosed 
species and PCO2 is the partial pressure of CO2. 
Since KgQ is a constant at constant: temperature 
and pressure, and []H20J and are large 

enough to be unaffected by the value of pCO^, 

varies linearly with pCO^ according to equa- 
tion (3)e 

PCO2 - constant • ( 5 ) 

The electrode potential varies linearly 


with log and thus with log (pCO^ ) . The 

antilog of the electrode potential is taken 
electronically, and displayed digitally as ppm 
carbon. The CO^ sensor is housed in an alttminum 
block, the temperature of which is maintained 
electronically at 30 C, For replacement, the 
sensing module can be removed from the assembly 
by loosening a thumb screw. Fluid and electrical 
connections are made and broken automatically 
when the sensor is installed or removed, 

pH and Conductivity 

The pH and conductivity measurements are 
taken upstream of the TOC system. The sample 
stream is split equally by aspiration through 
a ”T” fitting using two equal flow channels of 
the perstaltic pump. The pK and conductivity 
sensor are housed In the same module, and are 
attached to a temperature controlled block identi- 
cal to the one used for the CO^ sensor. The pH 
and conductivity measurements are made on the 
separate sample streams. Fig. 6 is a schematic 
of the combined module. 

The pH electrode is a 1 , 5 -cm length of 
1 -mm-dia pH sensitive glass capillary, backed 
with fused silver chloride and silver wire, re- 
sulting in a completely solid-state device. The 
sample passes through the capillary and then 
through a flow-through reference junction pro- 
viding contact with a silver chloride reference 
electrode. The electrode signal is displayed 
digitally in pH units. After passage through the 
pH sensor, this sample stream is combined with 
NaOH and becomes the alkaline stripping reagent. 

The conductivity cell consists of a cylin- 
drical epoxy tube with platinum plates oriented 
180 deg apart as electrodes. The electrodes are 
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Pig. 9 Electronics package control panel 


6.25 by 0,78 3.nd the distance between them 
(the diameter of the flow path) is 8.88 mm. A 
6-v, 800-H2 square wave signal is applied to the 
electrodes. The resistance measured across the 
fluid path is converted electronically to con- 
ductance, and displayed digitally as specific 
■conductivity in units of micromhos/cm, 

SYSTEM DESCRIPTION 

The WQM consists of three packages — reagents, 
fluid handling, and electronics. 

The reagents package contains the two rea- 
gents, H2S0|^-(NHj^)2“S20g and NaOH, plus two 
standardizing solutions. All four solutions are 
contained in polyethylene -lined aluminum foil 
collapsible bags , The bags were developed under 
a previous contract with the NASA (1^) specifical- 
ly for operation under zero-G conditions. The 
quantities of solutins are sufficienr: for 50 days 
continuous operation of the monitor. The dimen- 
sions of the reagents package are height I5 cm, 
width 45 cm, depth 50 cm, and it weighs 20 kg. 

The fluid handling package has the same 
dimensions as the reagents package and weighs 
10 kg. Pig. 7 is a schematic of the fluid handling 
system. Sample, reagents and standardizing solu- 
tions enter from the left side. The reagents are 
aspirated directly into the pump. The sample and 
standardizing solution are pumped into miniature 
solenoid valves (General Valve, I-57-90). A 
pressure relief valve maintains the sample inlet 
pressure between 0 and 250 mm Hg above ambient. 

The sample stream (or standardizing solution) Is 
split in a One stream passes through the 

conductivity cell and is then combined with the 
a cld-peroxydi sulfate reagent. It passes then 



Pig. 10 Response of conductivity sensor to iCNO^ 
solution 


through the stripper, the "cold” and "hot” UV 
chambers, the CO^ sensor and then goes to waste. 
The other stream passes through "che pH sensor, thei 
is combined with the NaOH reagent before passing 
through the stripper and going to t/aste. Response 
times are 2 min. for pH and conductivity and 5 
min, for TOC. Sample consumption is 4o ml/^r and 
reagent consumption is 8 ml/hr for each reagent. 
Response times can be shorter, but only at the 
expense of increased reagent consumption. The 
relationship between response time and reagent 
usage is shown in Pig, 8. 

Tne dimensions of the electronics package 
are height 50 cm, width 54 cm, and depth 50 cm, 
and it weighs 25 kg. Fig. 9 is a drawing of the 
front panel . Three digital display meters are 
located in the center of the panel. Operational 
mode controls are located on the left, and manual 
calibration controls on the right. In automatic 
operation, all of the manual calibration controls 
and all operating controls, except for power and 
choice of mode, are concealed to prevent acciden- 
tal changes of setting. The electronics are in- 
terfaced with the fluid-handling system by means 
of a multi-pronged connector. 

During automation operation, a calibration 
cycle is Invoked every 6 hr. A timer in the 
electronics section activates one of the solenoid 
valves, switching from sample to standardizing 
solution. After all of the sensors have stabi- 
lized on the standard (I5 min.), the correct 
values are automatically set on each meter. Valve 
switching and automatic calibration can be acti- 
vated manually with the controls on the left 




Table 2 pH Results on Test Solutions 


Solution 

Observed pH 

MTP 111 SI 

9.85 


9.75 


9.85 

MTP 111 #a 

9.90 


9.80 


9.85 

MTP 111 SIO 

9.80 

MTP 111 S7 

10.10 


10.00 


10.05 

MTP 111 #2 

7.15 


7.15 

MTP 111 S6 

7.15 


7.10 


7.15 

MTP 111 #9 

7.00 


7.05 


panel. Calibration can also be accomplished en- 
tirely taanually with the controls on the right 
panel . 

RESULTS AND DISCUSSION 
Conductivity 

The response of the conductivity sensor to 
changes in solution composition is shown in a 
calibration curve in Pig. 10* Potassium nitrate 
solutions were used in this case, and a linear 
response was obtained from 0 to 1320 micromhos/cm. 

Table 2 shows some typical results of pH 
measurements on test solutions. The system re- 
quirements are plus or minus 0.1 pH units, and 
these are easily met. (Refer to Table 5 for the 
composition of the NASA Master Test Plan Solu- 
tions . ) 

Total Organic Carbon 

A list of the compounds which have been 
quantitatively oxidized to CO^ in the using 
the dual UV lamp sequence is shown in Table 3. 

The compounds were selected to cover a wide range 
of molecular weights, organic functional groups 
and structures, and ease of oxidation. 

To date, the only tested compounds that 
were not completely converted are thiourea and 
ethyl sulfide. The Incomplete oxidation is 
probably due to the formation of COS (carbonyl 


Table 3 Summary of Organic Compounds Completely 


Oxidized by Two -Stage 

Irradiation 

System 

1. 

Acetone 

14. 

Sucrose 

2. 

Acetic Acid 

15. 

Waphthol Yellov S 

3. 

Mathanol 

16. 

Bensane 

4. 

Methyl Ethyl Xetone 

17. 

Ethyl Cyano acetate 

5. 

Ethylene Glycol 

18. 

Ascorbic Acid 

€• 

1,4 Oioxan« 

13. 

»iiline 

7. 

Phenol 

20. 

Phthallc Acid 

ft. 

1-Octanol 

21. 

Kothano 

3. 

Allyl Alcohol 

22. 

Kercapto acetic Acid 

10. 

Urea 

23. 

Chloroacetic 

11. 

Glycine 

24. 

Witxobensene 

12. 

Oleic Acid 

25. 

Albumin 

13. 

Benronic Acid 

26. 

Fornaldchydc 


sulfide) instead of COg for the carbon which is 
attached to the sulfur atom. 

Thls seems likely since carbonyl sulfide 
can be made by the reaction of related compounds 
in acid solution; for example, from ammonium 
thiocyanate, ethylthio carbonate, or ammonium 
thio carbamate (3^), This hypothesis is strength- 
ened by the fact that organic sulfur compounds , 
with other structures, such as mercaptoacetic acid 
and Naphthol Yellow S' (also known as "Sulfur 
Yellow S”), are completely oxidized. 

Table 4 gives typical results for TOC analy- 
sis on test solutions, (Refer fco Table 5 for the 
composition of the NASA Master Test Plan Solu- 
tions. ) The background level appears to be about 
2 -ppm carbon. There is no difficulty in detecting 
a 1-ppm increase above background; higher levels 
(up to 200 ppm) seem to work quite well, 

FURTHER WORK 

We are planning to continue our work on 
the WqM<. Although the sensors were miniaturized 
for this first unit, much of the accessory hard- 
ware (such as pumps) was commercially available, 
off-the-shelf equipment, which can also be min- 
iaturized to reduce the overall system size and 
weight . 

For spacecraft applications, the use of 
mercury vapor lamps is not desirable. We plan 
to look at alternative UV sources, recognizing 
that changing to lamps of different efficiency may 
also require redesign of the heating and cooling 
stages of the present system, 

AC5N0V/LEDGMSNT 
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Table 4 Typical 

Total Organic Carbon Results 


Table 5 

0 ppm expected ‘ 


HASA Hester Test 

Plpn Solution Compositions 

solution 

ppra Observed 

MTP 111 11 

19-3 K K 2 CO 3 

Ktp m il 

2 

2 


5 X 10“^ M HCl 


2 

HTP 111 #2 

10“^ M KHCO 3 

MTP'Ul 12 

2 

2 


5 X 10-< K KCl 


2 

KTp m H 

M KHCO 3 

24 ppm expected 



5 X 10-“* M KCl 

solution 

ppm Observed 


5.2 X 10-^ H CHjCCXTH^ 

MTP XU #7 

24 
23 

25 

MTP 111 #7 

XO”^ K K 2 CO 3 


24 


10-3 H KHCO 3 

3S ppm expected 



2,0 X 10*^ M B 2 NCCNH 2 

Solution 

ppn Observed 

KTP 111 IS 

10“3 H K 2 CO 3 

KTP lU (8 

33 

32 
35 

33 


5 X lO'** H HCl 
5 X 10"^ M CjS^j^OjCHO 

37 ppm expected 
Solution 
WP 111 110 

KPT in 111 

ppra Observed 

25 

23 

35 

MTP 111 19 
KTP 111 #10 

10*^ H KHCO 3 
5 X 1Q-* M HCl 
10 ”^ K CK 3 OH 

10^^ M KjCO^ 

5 X 10"< K HCl 

KTP 111 #17 

25 


5,2 X 10-^ « CH 3 COCH 3 

1.2 ppm expected 



2.0 X 10 -^ « H 2 NCONH 2 

5.0 X 10"^ H CH 3 OH 

Solution 

p|X!* Observed 



KTP 111 19 

3 

MTP 111 #11 

30-3 K KHCO^ 

KTP 111 ilS 

3 


5 X l0-< K HCl 

5.2 X 10““* M CH 3 COCH 3 

191 ppm expected 



2.0 X 10-^ H H 2 NCONH 2 

Solution 

ppra Observed 


5,0 X 10-* H CK 3 OK 

KTP 111 #6 

1 before addition 
12 s t cold chxrabor 

MTP 111 #16 

10^2 XHCO 3 
5 X 10**3 K HCl 


195 

191 


10-< H CH 3 OH 



KTP 111 #17 

10-3 H K 2 CO 3 
5 X 10“^ H HCl 

NASA Technical Monitor for the Breadboard Vfeter 


5.2 X 10*** K CH 3 COCH 3 

Quality Monitor, are gratefully acknowledged, 


2,0 X 10'* M H 2 NCONH 2 




S.O X lO*"^ ClfjOif 
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As part of the Regenerable Life Support Evaluation (RLSE), which is being carried 
out at the NASA Johnson Space Center, a four- para meter Water Quality Monitor 
(WQM) is in the preprototype stage. Utilizing continuous chemical measuring 
techniques specifically developed for this application, the WQM will determine 
pH, specific conductance, ammonia concentration, and total organic carbon (TOC) 
content in water which has been recovered in the RLSE system. Minature compo- 
nents— valve manifold, peristaltic pump, inorganic carbon stripper, UV oxidation 
chamber, and sensors— have been designed for zero leakage, minimum volume 
hoid-up, low volume weight and power, and maximum reliability. The system will 
respond within 5 min. to non-biological contamination of the water and consumes 
only 150 ml of expendable reagents per day. 


ContrihutecI by the Aerospace Dhi^ion of The American Society of Mechanical En- 
gineers for presentation at the In tcrsocict> Conference on KnvinMuneiital S> stems, San 
Francisco, Calif., July 11-14, 1977. Manuscript recoiled at ASME Headquarters April 4, 
1977. 

Copies will be available until April 1, 1978. 



UNITED ENGINEERING CENTER. 345 EAST 47tn STREET, NEW YORK. N.Y. 10017 



Preliminary Desisn of a Preprototype 
Water Quality Monitor 

S.J.WEST M.S.FRANT S. H, FRANKS 


INTRODUCTION 


New applications for automatic vet-ohemi^ 
cal analysis systems in the industrial, bio- 
medical, and environmental fields are being 
realized at an increasing rate. The relia- 
bility of these instruments must be very high 
in order that decisions of consequence can be 
based upon the information they generate ♦ Use 
in manned space flights presents a uniquely 
challenging set of criteria for the design of 
such systems. 

This paper describes the continuation of 
the design of a four- parameter Water Quality 
Monitor (WQM), a subsystem of the Regenerable 
Life Support Evaluation (RISE) being conducted 
by NASA Johnson Space Center. This instrument 
will monitor the potability of reclaimed waste 
water in the self-contained RISE payload- The 
instrument also has potential application on a 
manned orbiting space station which would uti- 
lize a regenerable water supply system. 

The first phase of this effort generated 
a breadboard version of a continuous, automati- 
cally calibrating measuring system for pH, spe- 
cific conductance, and total organic carbon 
(TOC), The primary 'aim of the breadboard work 
vras to prove the feasibility of these wet- chemi- 
cal analysis techniques within^ t^e specifications 
of the spacecraft environment. 

^ Misselhorn, J. E. , Witz, S. , and Hart- 
ung, W. H. , '^Development of a Laboratory Proto- 
type Water Quality Monitoring System Suitable for 
Use in Zero Gravity," NASA CR-II 2267 , Jan. 1973. 

2 Vfest, S. J. , Prant, M. S. , and Reich, 

D. , "Interim Report on the Breadboard Water Qual- 
ity Monitor," NASA Contract No. NAS9-14-229, sub- 
mitted by Orion Research Incorporated, Cambridge, 
Mass. , 1976 * 

^ West, S. J. , Frant, M. S. , and Ross, J. 
W., "Development of a V^ater Quality Monitor for 
Spacecraft Application, " Proceedings of Inter- 
society Conference on Environmental Systems, 
American Society of Mechanical Engineers, 197^. 


Having demonstrated feasibility of these 
measurements in the breadboard stage, a pre- 
prototype version of the instrument has been 
designed. The principal effort in the develop- 
ment of the preprototype WQM is directed toward 
increasing the mechanical integrity of the 
fluid handling system such that its reliability 
is high and that its response time, expendables 
consumption, volume and weight are low. The 
instrument contains caustic reagents, so the 
need to ensure against any possible leakage in- 
to the cabin atmosphere cannot be overempha- 
sized. 

The preprototype WQM development is 
described in two sections. The first describes 
the fluidic flow scheme and modifications in 
the chemistry which have been implemented since 
the breadboard. The second describes the en- 
gineering approach to flight- packaging and im- 
proving reliability. 

CHEMCAL DESIGN 

The -chemical studies and design for the 
WQM were addressed with maximum priority in 
the development of the breadboard, and the pre- 
prototype development focuses chiefly on me- 
chanical redesign and hardening- However, 
chemical testing and investigation has been 
an on-going process, and as a result, several 
modifications have been implemented. The pre- 
prototype WQM will be a four- parameter measure- 
ment system. In addition to the pH, specific 
conductance, and TOC measurements made ^ in the 
breadboard V7QM, ammonia will also be measured. 
Also, one of the two ultraviolet irradiation 
chambers of the breadboard has been eliminated, 
and the oxidizing reagent has been modified. 

Plumbing Scheme 

Fig. 1 is a schematic of the fluidic sys- 
tem. The plumbing logic is not different from 
the breadboard WQM since the incorporation of 
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Pig. 1 Water qualitjr monitor fluidic system 


proportional to the log of the partial pressure 
of which, in turn, is linearly proportional 
to the concentration of free dissolved in 
the sample. The addition of KaOH to the sample 
prior to measurement assures that the ammonia, 
which can exist as ammonium ion or as 

free ammonia (NH^), exists solely as WHj, the 
species sensed by the electrode. 

The sensor is mechanically identical 
to the CO^ sensor. It consists of a miniature 
pH electrode which is in contact with an in- 
ternal reference solution. This solution and 
the pH electrode are separated from the sample 
by an NHj permeable membrane. NH^ in the 
sample equilibrates with this solution by dif- 
fusion, and this solution achieves a pH which 
corresponds to the sample NH3 concentration. 
This electrode differs from the CO2 sensor only 
in the type of membrane used and the composi- 
tion of the internal reference solution. The 
miniaturised geometry of this type of electrode 
was optimized in the breadboard woric. 


NH- sensor required no additional reagent. The 
sample, standardizing solutions, and reagents 
are aspirated by the peristaltic pump into the 
valve manifold. The incoming sample or stand- 
ardising solution is split and each stream 
pumped at 15 ml/ hr into the measuring system. 
Conductivity and pH measurements are taken on 
the untreated sample streams, and then each is 
combined with separate reagents which are pumped 
into the sample streams at 3 ml/hr, increasing 
the flow in each leg to l8 ml/hr. The reagent 
added to the "conductivity leg" is 1 !■! KHSO^ 
and 1 M H2S0ii, and that added to the "pH leg" 
is 2 M NaOH. 

The measurement is taken at this 
point on the alkaline sample. The two sample- 
reagent streams then flow to the CO2 stripper, 
where dissolved CO2 is transferred from the 
acidic to the basic stream. After flowing 
through the stripper, the alkaline portion 
goes to ^;aste, and the C02-free acid portion 
flows to the ultraviolet irradiation chamber. 
Here the organic constituents of the sample 
are oxidized to CO2 and the sample flows to the 
CO2 sensor and then to waste. 

Ammonia Measurement 

Incorporation of the NH3 sensor into the 
WQM was straightforward since the NaOH reagent 
necessary for this measurement was already 
present in the system as the CO2 stripping re- 
agent. The NH3 sensor, like the CO2 sensor, 
is a gas- sensing electrode. Its response is 


Elimination of Room Temoe nature Irradiation 

In the breadboard VfQH, two UV chambers 
were used. One was maintained at room tempera- 
ture since this was necessary to oxidize dis- 
solved CH4. More detailed process information 
is now available, and NASA has indicated that 
oxidation of methane is not necessary in the 
preprototype V/QM. As a result, the room tem- 
perature UV chamber has been eliminated in the 
preprototype. The present single UV chamber 
is allo^jed to be heated by the lamp to 60 C. 

Elimination of the room temperature UV 
chamber affects the TOC response of the to 
compounds vnLth vapor pressures in aqueous solu- 
tion that are in the same order as methane. 

With an uncooled UV chamber alone, compounds 
with water solubilities and vapor pressures of 
the same order as methane (e.g., ethane) are 
partially driven out of solution by the heat 
of the lamp, and into the oxygen bubbles which 
have been produced by the UV catalyzed decom- 
position of the oxidant. In this state, they 
fail to react. It was felt that the presence 
of such compounds was unlikely and that this 
limitation of the instrument was outweighed by 
the gains to be had in reducing size, weight, 
complexity, power consumption, and response 
time. 

Reagent Design 

Alternate oxidants for the TOC measure- 
ment were investigated in this work. The most 
powerful oxidant presently evaluated is am- 
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monium persulfate, {^114)28203^ which was usecl 
in the breadboard WQM. Since that time, tx/o 
other compounds! potassium monopersulfate, 
KHSO^, and potassium peroxydiphosphate have 
become commercially available. These three 
compounds all combine the properties of good 
x;ater solubility, strong oxidizing capability, 
and contain the peroxy- linkage which is readily 
activated by UV light. The disadvantage of the 
original (NH4)2S2O0 is its gradual thermal de- 
composition to the monopersulfate form and 
sulfuric acid. Evaluation of the potassium 
monopersulfate showed poorer oxidation of 
acetic acid, which is considered to be the most 
refractory organic compound. In experiments 
conducted under conditions suitable for 100 
percent oxidation of acetic acid by ammonium 
persulfate, potassium monopersuifate oxidized 
only 85 bo 90 percent. The change to the mon** 
opersulfate in the preprototype was Justified 
by its performance with all other compounds 
tested and its greater stability. 

Initial experiments with potassium per- 
oxydiphosphate have been extremely encourag- 
ing; however, more tearing is necessary to 
Judge its suitability in comparison to monop- 
"er sulfate. 


MECHANICAL DESIGN 


Both the reliability and safety of the 
VfQM in the spacecraft environment depend pri- 
marily on engineering the system for zero 
leakage. Design for zero leakage must be ac- 
complished within the constraints imposed by 
the functional optimization of the instrument — 
accurate data output, fast response time, long- 
term unattended operation; and also vzithin the 
constraints imposed by its operating environ- 
ment — low volume, low weight, and low power 
and expendables consumption, and ability to 
operate in zero-G. In this section of the 
paper, the designs of the major subassemblies 
are described with reference to these criteria- 


Valve Assembly 

The preprototype TOM requires the use of 
valves in its calibration and flush-out modes- 
In the calibration mode, standardizing solutions 
are automatically substituted for the sample by 

^ Hemer, C. G. , Pringle, H. V7. , and 
Mauk, C. E. , "Oxidation of Refractory Organic 
Materials by Ozone and Ultraviolet Light," 
DAAK-7k-c-0239 Houston Research, Inc., Houston, 
Texas, 197^* 


means of a txjo three-xray solenoid valves (Angar 
Scientific, Model 250). Each sensor requires 
a two- point calibration, so the tx^o standardiz- 
ing solutions (hereinafter designated STD A and 
STD B), have been designed to calibrate all 
four sensors simultaneously. In the flush out 
mode, STD B is substituted for the two caustic 
reagents, and the entire fluidic system is 
filled I’Tith this non- caustic solution for 
reasons of safety. This mode requires two 
additional three-way solenoid valves. 

In ordinary usage, each of these four 
valves t/ould require three fluid fittings and 
a complicated array of tubing. In striving 
for zero-leakage, these valves have been mani- 
folded into one monolithic block which requires 
a total of nine fittings. In addition to rhe 
valving, this block effects the splitting of 
the sample stream, such that the fittings nec- 
essary for a "Tee" are also eliminated. Fig. 2 
Is a schematic representation of the valve 
manifolding concept. The two valves necessary 
for the introduction of STD A and STD B are 
shown as well as the plumbing for splitting the 
sample or standardizing solutions. 

Peristaltic Fumo 

The peristaltic pump is the only compo- 
nent in the V/QM x/here the fluid is contained in 
elastomeric tubing. This means that it is a 
high-risk area in terms of leakage. As a re- 
sult, the pump designed for this application 
must contain any fluid which could be released 
in the event of pump tube rupture. 

The pump is also the largest and most 
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mechanically complicated assembly in the 
and therefore the greatest gains in overall 
weight and volume reduction of the entire unit 
can be realized by proper pump design. 

Fig, 5 is a schematic cross section of 
the four- channel peristaltic pump designed for 
the preprototype V/QM, The pump mechanism is 
hermetically sealed in a stainless- steel hous- 
ing, The roller carriage is driven by a plan- 
etary gear system which prevents mechanical 
abrasion of the tubing. The dimensions of the 
pump are 15 x 12,5 x 11 cm. 

In order to continuously monitor the 
operaTJional status of the VJQM, four thermal 
flow sensors have been designed into the pxanp 
(not shown in Fig. 3 ), These sensors will 
measure the flow rate in each pump channel by 
a differenoxal thermal technique, pump tube 
rupture, leaks or blockages in the system, or 
exhaustion of reagent supplies can be indicated 
by these sensors. 

Sensor Assembly 

The design of the sensor assembly is 
based on the same concept of manifolding as the 
valve assembly. The pH^ NH3, and CO2 electrodes 
are similar in construction and amenable to the 
monolithic design philosophy. They are geo- 
metrically more complicated than the solenoid 
valves, however, and the base block of this 
assembly is, therefore, intricate. 

Fluid pauhs are contained in the acrylic 
base block and lead to the surfaces at the 
points where the measurements are to be taken. 
The individual sensor blocks (acrylic) are 
bolted to the base block at these locations. 

Fig, 4 Illustrates the concept in a simplistic 
way, and shows also the manner in which the 
reagents are combined ^;ith the sample without 
external ’^Tee" fittings. 


BASE BLOCK 



Pig. 4 Schematized sensor manifold 
COc> Stripoer 

In the stripper, the two sample streams 
pass through mirror- image spiral channels, 
separated by a 0.025 -mm gas permeable, non- 
wetting membrane. In the acid stream, all the 
inorganic carbon exists as free CO2 which dif- 
fuses through the membrane and reacts with the 
NaOH. There is no net transfer of volatile 
organics in the stripper due to the equal di- 
lution of the sample streams. This is true 
even of volatile organic acids such as formic 
or acetic because the sample residence time in 
the stripper ( 4 o sec) is not sufficient to 
allow measurable transfer of compounds with 
low vapor pressures. 

In order that the CO2 can be rapidly and 
efficiently removed from the sample, the ge- 
ometry of the stripper has been optimized to 
promote rapid transfer across the membrane. 

The rate of diffusion varies with the inverse 
square of the channel depth so this depth is 
as small as will permit flow without excessive 
back pressure. The depth of the spiral chan- 
nels is 0.2 mm, and each is 0.75 mm wide and 
125 cm long. At the flow rates of 18 ml/hr 
through each channel, the stripping efficiency 
is 99*9 percent in 40 sec. 

The plates, on which the channels are 
milled, are 3X6 L stainless steel, each I.25 
cm thick and 8.75 cm in diameter. 

W Oxidation Chamber 

The design of the UV oxidation chamber 
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Pig* 5 W chainber 

presented the greatest difficixltjr in ensuring 
zero leakage* The chamber must contain the 
highly acidic oxidizing solution which is 
strongly activated by UV light, as well as 
the toxic mercury vapor which is contained in 
the UV lamp* Elastomers, epoxies, and many 
other common construction and sealing materi- 
ale, which are compatible with the reagent or 
UV alone, are not acceptable in the presence 
of both, 

A schematic cross section of the new UV 
chamber is shown in Fig* 5* The outer body 
of the chamber is a hollow titanium cylinder 
which has been threaded internally* The thread 
acts as the sample flow path. The titanium 
shell is heated to 400 C and slipped over a 
quartz sleeve, resulting in a 0*01- to 0*02-mm 


interference fit which mechanically seals the 
sample- reagent stream in the helical flow 
channel. The UV lamp fits into the quartz 
sleeve and is sealed in place with titaniiam 
end caps and 0- rings. Thus, the solution and 
lamp are individually sealed* A photocell is 
contained in the cap to monitor the operation 
of the lamp. 

FURTHER WORK 

The present WQM consists of integral sub- 
assemblies. “Hie zero-leakage criterion has 
been applied uo each sub-assembly by striving 
toward monolithic design* This state of design 
IS a stepping stone to complete integration 
of the entire fluidic system. The diversity 
of chemical, mechanical, and electronic com- 
ponents which make up a continuous wet- chemical 
monitoring system necessitates that a rigorous 
design approach be taken to ensure maximum re- 
liability, optimum system performance, and zero 
leakage* 

Vfe plan to continue our work on the WQM. 
The problems addressed in this work are common 
to a large field of chemical analysis tech- 
niques, and new technology deriving from this 
effort will find many applications* 
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